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SECTION I

INTRODUCTION

t - The SURVIVE computer model may be used to evaluate the probability of sur-
vival of a single penetrator flying a specified flight path in an environment
defended by surface—to-air missile systems (SANS). Options of scenario, coor-
dinate system, SAM firing doctrine, and target location give the program flexl—
bility In the types of problems it is able to handle. At one extreme, SURVIVE
can evaluate the survival probability of a weapon launched against a fixed
target defended by a single SAM; at the other, it can evaluate the expected
survival probability of a penetrator and the weapon it launches through a cor-
nidor defended by many SANs of up to 10 types.

The defense environment in SURVIVE may be specified in one of two ways.
First, the exact locations of all the SANs can be specified. The model then
determines the nianber of missiles each SAN is able to fire at the penetrator
during the time it is in coverage and, subsequently, the penetnator surv ival
probability based on the single shot kill probability of each SAN. In addi tion
to this specific approach, the model can calculate an expected survival probabi-
lity by generating a representative sample of locations of the SAIl sites with
respect to the penetrator flight path. The model then determines the nimiber of
missiles each site can fire at the penetrator and calculates an average for all
locations where intercepts occur. The expected nunther of encounters that the
penetrator will have with each SAM and the expected value of the survival proba—
bility are then calculated.

The SURVIVE model incorporates the following aspects of the survivability
problem:
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SCENARIO
Geometry
SAN placement
Masking of the penetrator by terrain

PENETRATOR AND WEAPON
Flight profiles (3-dimensional time dependent)
Radar and ZR s ignatures
Electron ic coun termeasures

SAM CHARACTERISTICS
Salvos per site
Miss i les per sa lvo
Timing criteria for tracking, firing, and reload ing
Lethal envelope
Missile flyout profile
Kill probabilities, single shot
Radar antenna height
Radar ground clu tter angle
Radar sensitivity or max imum range
Maximum radar elevation
Missile guidance
Geometric launch restrictions
ECM effectiveness
Probability of engagement

The SURVIVE model is described in section 2; the Inputs to the model and its

output in section 3. Appendix A Is a FORTRAN listing of the program and appendtx
B is a sample problem.

I
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SECTION 2

MODEL DESCRIPTION

A. GENERAL DESCRIPTION OF THE MODEL. Two methods are appl icable to calculating
the probability of survival of a penetrator flying over an area defended by SAM
sites: the deterministic method and the probabilistic method. In a purely
deterministic method, all the aspects of the problem that are considered would
be simulated by the model to determine If the penetrator survived under a speci-
fic set of circumstances or not. Many cases would have to be run to obtain a
statistically valid sample from which the probability of survival could be deter-
mined. In a purely probabilistic method, the probability functions for the
various aspects of the problem woul d be determined and combined to obtain the
probability of survival. This tends to obscure the effects that speci fic aspects
of the problem have on the results, but simplifies modeling of the problem. The
SURVIVE program Is a hybrid model . Many of the interactions between the SANs
and the penetrator are simulated deterministically and others are handled proba-
bilistically. For example, the number of missiles that a SAM can fire at a pen—
etrator is calculated deterministically, but whether the site will actually fire
is controlled by a probability input to the model . Two approaches are used for
locating the flight profiles relative to the SAN sites: the specific approach
and the expected value approach.

In the specific approach, the exact locations of the SAM sites are specified
in a two-dimensional coordinate system. A flight profile for the penetrator is
defined and the number of missiles each site can fire at the penetrator is cal-
culated. This value is combined with the single—shot kill probability to obtain
the survival probability .

Under battlefield conditions it is most difficul t to pinpoint the exact
locations of SAN sites. Intelligence concerning their locations is usually out-
dated and scanty. Such uncertainty in the locations of the SAM sites relative
to the penetrator flight path requires a number of cases to be run and averaged
to give a representative survival probability . This would prove to be both
tedious and time consuming If done manually. The expected val ue approach gene-
rates a representati ve sample of geometries between the penetrator flight path
and the SAM sites. The number of missiles fired by the SAM sites is determined

5
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for each geometry. The model then computes the survival probabilities for each
of these geometries and averages them to provide a representative survival proba-
bi 1 Ity.

B. DETAILED CAPABILITIES OF THE MODEL . This section discusses the various
aspects of the SURVIVE model in detail. The program uses identifying labels on
the input cards to associate input parameters with their function in the model .
The identifier may be associated with a single input parameter, in which case
the identifying label is the parameter name. The identi fier may also be asso-
ciated with a functionally related group of input parameters. In this case the
identifier is a mnemonic device to aId the user in formatting the input para-
meters. The input parameters and identifiers discussed in section 3 are given
in parentheses throughout this section when the concepts to which they relate
are discussed. Input parameters are also cross-referenced to the identifier
with which they are associated.

As mentioned previously, the model may be used in its specific mode when SAM
placement wi th respect to the penetrator flight profile is known, or it can be
used in the expected value mode when less is known about the placement of the
SAMs (AVERAGE). The expected value approach is more useful in developing system
evaluation criteria, since the resulting survival probability is an average
based on a representative number of relative placements of the SAMs wi th respect
to the penetration flight path. The specifi c mode is most effecti ve in situa-
tions where operational information would give some idea of SAM locations , thus
indi cating a preferred flight path to avoid those SAils.

1. Scenario. Rectangular or polar coordinates may be selected (AREA).
Rectangular coordinates are most useful in describing the penetration of an
area or a corridor where there is a preferred orientation of the fl ight path.
Polar coordinates are more useful In describing an attack on a point target
where the penetrator may come from any direction .

Figure 1 shows the rectangular coordinate system used b~’ the model. The
SAM s ites are located In X and Y (XSITE , YSITE} when the model is use d in its
speci fic mode. When the model is run in the expected value mode the density of
the SAM sites must be specified. This is done by defining a corridor of speci-
fied width (CORWDTH). The area defended by SANs is then defined by locating
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the SANs within the corridor as a function of depth (XSITE - see SITE). The cor-
ridor is centered about the X axis. The SAN is able to assume any V position
across the corridor for a given X. If more than one SAM site (NSITE - see SITE)
of the same type (NTYPE - see SITE) is specified at that X position , the sites
are assumed to be evenly spaced across the corridor to assure maximum coverage
of the penetrator path. Two boundary conditions may be selected (SYMETRY). One
boundary condition describes a corridor that is a uniform slice out of an infinite
area with a homogeneous defense structure, i.e., the defenses in the corridor are
repeatedly duplicated on each side of the corridor. The other describes an iso-
lated corridor with no SAIls outside the corridor.

Figure 2 shows the Polar Coordinate System. The origin coincides with
that of the rectangular system. Angles are measured counter-clockwise from the
X axis. Site coordinates are specified by R and 6 (YSITE , XSITE). When the
model is used in the expected value mode, a corridor must be defined to specify
the density of the SAM sites. In keeping with the polar coordinates, the corri-
dor is a sector originating at the origin of the polar coordinate system. The
angular width of the corridor (CORWDTH) must be specified. SAM sites are then
positioned in the corridor by specifying R. The angular position of the center
of the corridor (TARGETY) must be specified when an isolated corridor is con-
sidered. This is necessary to define the orientation between the corridor and
the penetrator flight path. The treatment of boundary conditions is similar to
the rectangular coordinate case.

Terrain masking of the SAM sensor (TERRAIN) is handled by the model
through a discrete series of paired forward (in the direction of decreasing X)
and rearward masking angles (ELF, ELR - see TERRAIN), and their associated proba-
bility of occurrence (PROB - see TERRAIN). A constant is added to the terrain
angles to account for the effect of ground clutter degrading sensor performance
at sensor elevations just above the terrain (CLUTTER). The differentiation
between forward and rearward masking angles is necessary because the SAN sites
may be backed up against a hill or forest to protect them from aircraft coming
from the rear (figure 3). Each pair of angles defines minimum elevation angles
for the sensor below which the sensor is ineffective. A series of masking angles
and their probability of occurrence may be specified because in reality the ter-
rain masking angles will not be the same for all azimuths in the forward and
rearward masking angle areas. The masking angles are specified as a function 

of8



‘C

S I
4,

-
~~ 5-.~ - 0S.. 0

5-
4,

,
r

I,
4,

9



C.—
.,- C~4.

0)I
ii’

I, \\
1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0. .-

~~~
-- -~~~~~~~ ia. .~~~ - _ _ _

W 0 4,
I- / i .~~~

’,, 
~U) vs I V~ 41II • 1-

/ 1
/

0 C C ,  Ii
I I  3
I
I ,
II

0 4 1  4, C 5-

/

I I
C 

,
/ 

I
~~

I__ f C 0 C ,
4) ~~~~~ 

I~~•~- C
4, U ~ ~~~
~ 41 I I ~~~~~~~~~~~C 

~~ / L 5 -~~n C ~
0 •‘- 04 1  C

&

/
10



the sensor height above groun d leve l (ANTH - see TERRAIN ) , as we ll as terra in
features (TFRAC - see TERRAIN). Up to 10 different series may be used to
describe different sensor heights and terrain features. The problem is run for
each pair of masking angles In a series. The results are weighed by the proba-
bility of occurrence to get an average for that series.

Rectangular coordinates are most useful in describing scenarios for
enroute attrition over a large area. Polar coordinates, when used in the expect-
ed value mode, are convenient for certain types of terminal problems. For
example , consider a target defended by several SAMs that is being attacked by a
penetrator that may approach from any direction. This scenario Is easily de-
scribed in the polar coordinate system. The target is located at the origin and
the SANs at some radial distance from it. The penetrator profile is oriented to
attack the target at the origin of the rectangular coordinate system. The model
then simulates the different directions of attack by changing the positions of
the SANs around the target rather than by actually changing the penetrator pro—
file. The probability of survival is thus averaged over all directions of
attack. Two orientations may be selected for the forward direction of the SAM
sites (AREA). Selecting the sites to always Pace radially outward from the
origin simulates a penetrator approaching from any direction. Selecting the
sites to always face in a negative X direction of the rectangular coordinate
system simulates an unknown angular location of the sites around the target.

Once the set of SAN sites (SITE) has been speci fied, two ways are avail-
able for changing the relative number of SAMs in the set. The relative number
of each SAM type may be altered by a multiplicati ve factor (DF). Additionally,
It is often of interest to look at different multiples (overall defense levels)
of the resulting set of SAN sites. The total number of all SANs specified for
the defense may be altered by a multiplicative factor (DLEV). A series of
values may be specified and the probability of survival will be calculated for
each value.

2. Penetrator and Weapon. Two separate flight paths may be handled by SUR-
VIVE at the same time; those of a penetrator (XYZT) and the weapon it launches
(XYZTW). The flight paths specify the time dependent position of the penetrator
and weapon in three dimensions . X and V are In the rectangular coordinate system
described previously, and the third coordinate is altitude above the X—Y plane.

11
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It is convenient to set up the problem such that the forward edge of the battle
area (FEBA) Is located along the Y axis with the area defended by the SANs to
the right of the V axis. The SAM sites are assumed by the model to be set up
facing in the negative X direction. Flight profiles would normally originate
to the left of the FEBA and ingress to the defended area. (The profile could
alternately be oriented to attack from behind the SAM sites.)

It is convenient when the model is used in the expected value mode to
specify the flight paths relative to an imaginary target located at X and V CD-
ordinates of zero. The flight paths are then shifted by an Increment In X
(XSTART) to position the target (and, hence, the flight path) at the desired
location in the corridor. The resulting probabilities of survival for any given
target location are highly dependent on the relative positions of the flight
paths to the SAM locations. Sometimes It is desirable to have an average proba-
bility of survi val for a target situated over a range of locations. The model
will generate a series of flight paths starting with XSTART and incrementing it
(DXSTART) to obtain a specific number of paths (NxSTART). The program then
averages the probabiliti es of surviva l for all target locations.

SURVIVE can simulate SAM radar and IR sensor performance. The model has
provisions for specifying radar and IR signatures for both the penetrator and
weapon (SIGNATURE). The signatures are specified as a function of aspect angle
around the penetrator or weapon (figure 4). The radar signatures are specified
as the apparent radar cross-section area. The model determines the signal
strength at the sensor as the apparent radar cross—sectIon area divi ded by the
distance between the target and the SAM site raised to the fourth power. The IR
signatures are specified as radiated power. The signal strength at the sensor
is radiated power divided by the distance between the target and the SAN site
squared . Minimum s ignal strengths for sensor track ing (RTRK - see SAM ) and fo r
sensor lock-on (RLOCK - see SAM) must be specified.

Elec tron ic coun termeasures are not di rec tly modeled in SURVIVE , but
these effects are simulated by a degradation factor (ECME - see SITE) that re-
duces the effectiveness of the SAM sites by reducing the single shot kill proba-
bility. ECM degradation of the SAM sites may be applied selectively to different
portions of the defended area by specifying Intervals in X or R (XECM). All SAM

12
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sites with X or R coordinates within those intervals will be treated by the model
as being subjected to ECM degradation.

3. SAIl Characteristics. Ten different types of SAN sites may be modeled in
SURVIVE (SAN). The characteristics of each SAM site type (number of missiles per
salvo, number of salvos , etc.) are specified by input. Each type may be differ-
entiated according to its firing capabilities , missile performance, sensor track-
ing, and missile launch characteristics. The firing capability of a SAN is
described by the number of missiles it fires per salvo (NSS - see SAN), the time
between firing each missile in a salvo (TISH - see SAM), the ntmter of salvos
that can be f ired before reload ing (NS - see SAN), the minimum time between suc-
cess ive sal vos (TINTER — see SAM) , the miss i le launc her reloadi ng time (TRELOAD —

see SAM) , and the maximum azimuth angle at which missiles may be launched, mea-
sured from the forward direction of the site (AZMAX - see SAM). Missiles are
assumed to fly straight line Intercepts and flight times are specified by a time
vs distance function for each SAM type (MISLXT). Missile intercept envelopes
are described by a minimum intercept altitude (ALIMIN - see SAM), as wel l as
dead zone (FUSE) and maximum lethal range (RNG) as a function of elevation angle
(figure 5). Single shot kill probabilities (PKSS) are used to describe the
average lethality oP a single missile against the penetrator and the weapon, but
need not be the same for both.

The geometric characteristics of the tracking system are described by the
height above ground level of the antenna or other sensor (HRAD — see SAN) and its
maximum elevation angle (ELMAX - see SAM). Several restrictions may be placed on
the sensor ’s performance. Maximum range constraints may be used for specifying
initiation of tracking (RADTRK - see SAM) and guidance system lock-on (RLOCK -
see SAM) , or minimum signal strengths for tracking (RTRK — see SAM) and lock—on
(RLOCK - see SAM) can be used in conjunction with penetrator and weapon signa-
tures to more accurately predict sensor performance. Restrictions may also be
placed on the aspect angle between the line of sight vector from the SAM site to
the penetrator or weapon and the velocity vector of the penetrator or weapon at
the time of missile launch (figure 6). The velocity vector is tangent to the
flight path. The aspect angle is zero when the penetrator or weapon is flying
directly at the SAM site, and 180 degrees when flying directly away from it. The
minimum and max imum as pect angles for firing (ASPM IN, ASPMA X - see SAM) allow the
model to simulate systems that cannot lock on to targets with negative Doppler

14
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shifts, i.e., moving away from the SAM site. This feature can also be used to
simulate an IR system in the absence of signature data because in most cases an
IR sensor cannot lock on to a penetrator when it is headed toward the sensor,
i.e., for small aspect angles, s ince it canno t see the heat sou rce.

A look-shoot-look firing doctrine is employed for the SAMs. The SAM must
be able to track the penetrator or weapon for a specified time (TINIT - see SAil)
before it can fire a salvo. It must wait the same amount of time after the last
missile of the salvo “Intercepts” to evaluate the effects of the salvo and update
its tracking information before it can fire again. This Interval may not be less
than the minimum time between salvos or the reload time, depending on the number
of salvos the site has already fired. The site will fire as long as it is able
to track and intercept the penetrator.

The model allows two types of missile guidance systems (IR - see SAM).
The first is a guidance system that is self—homing , such as an IR seeker ; the
second must have the target in sensor coverage from the site to guide the missile
to intercept.

It is possible that SAMs would not fire as readily at egressing penetra—
tors , preferring to save their missiles for ingressing penetrators that might be
more of a threat. The model can allow for this (EGRESS) by specifying a time
(TEGRESS - see EGRESS) corresponding to the point on the penetrator flight path
after which the SANs fi ring will be less frequent , and a multiplicative factor
(FEGRESS — see EGRESS ) that wfll degrade the performance of the SAM sites after
that time.

Two operational characteristics of the SAMs are site specific. When the
locations and numbers of the sites are specified (SITE), the probability that
the s ites at each loca tion w il l f ire at a penetrator (PUP - see SITE) and the
terrain identifying factor (TERFR - see SITE) for those sites must be specified.

C. CALCULATION OF AVERAGE NUMBER OF MISSILES FIRED AND SITE LETHAL WIDTH. The
model simulates encounters between the SAIls and the penetrator and its weapon as
a function of time to determine when missiles may be fired. Start and stop times
corresponding to the part of the penetrator profile (TSTART, TSTOP ) and wea pon
pro file (TSTA RTW , TSTOPW) to be considered in the survivability calculati ons
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must be specified. The model will derive the simulation time interval limits
(TSTARTP , TSTOPP) from the start and stop times of the penetrator and weapon. If
a value of TSTARTP or TSTOPP is specified by input to the model , it will super-
sede the derived value. The model calculates both the average number of missiles
fired and site lethal width when used in the expected value mode. When used in
the specific mode, it calculates the number of missiles fired only from the spe-
cific site locations and does not vary the geometry between the sites and the
penetrator path. The site lethal width is not calculated .

In calculating the lethal width of a SAM site and average number of mis-
siles fired, the model considers only one SAN site at a time. Using the maximum
range of the missile , the model determines the time intervals along the flight
paths that the penetrator and weapon are in coverage of the site. It then finds
the range in the V direction from the site for which intercepts can occur. This
range is then subdivi ded to give a representative number of different geometries
by offsetting the flight path from the site in the V di rection. The model maps
the flight paths and SAM sites into a spherical earth coordinate system to pro-
vide a more accurate representation of the problem geometry by accounting for the
curvature of the earth. This mapping is accomplished by translating linear di-
mensions in the X-Y coordinates into arc lengths at the corresponding altitudes
above the surface of the spherical earth. This provides a representation of
horizon effects on the geometry between the SAM site and the flight paths . The
model then examines the in-coverage time intervals using a small time step to
determine the number of missiles the site can fire at the profiles for each off-
set. The lethal width of the site is calculated by multiplying the number of
offsets with at least one missile firing by the offset subdivision interval . The
number of missiles fired by the site are averaged over all offsets for which
intercepts are possible. The model keeps track separately of the average number
of missiles fired and site lethal width for the penetrator prior to weapons re-
lease , for the complete flight path, and for the weapon during its flight. The
sites will continue to fire at the penetrator after the penetrator launches Its
weapon unti l a missile may be fired at the weapon. At this point, the site will
guide any previously fired missiles to the penetrator (if the missiles are not
self—homing) and starts tracking and firing at the weapon. The site will fire at
the weapon throughout its flight. When the SAM site Is no longer able to fire at
the weapon, ft will re-acquire the penetrator if it I5 in coverage and continue
firing at it.

18



The calculation of the average number of missiles fired is quite time
consum ing, and the model makes several provisions for decreasing the calculation
time at the expense of precision. One is a parameter for increasing the time
step for examininq the in-coverage intervals (FASTRUN). The value multiplies the
normal timestep. A value of three will cut running time by about 50% and only
changes the calculated value of survival probability by about 3%.

The other provision eliminates the need for calculating the average num-
ber of shots and lethal width for similar sites that cover identical portions of
the flight profiles when the model is used in its expected value mode. On many
types of profiles, a significant portion of the flight path will appear identical
to any SAM site of a given type that can shoot only at that portion of the path.
The model has an input parameter for each flight path that specifies the largest
value of the X coordinate for this portion of its flight profile (XYZT, XYZ TW ).
For example, an aircraft flight profile that ingresses at constant speed and alti-
tude performs a maneuver and then egresses parallel to its ingress path at a
constant speed and altitude would appear identical to a SAM site at any location
up to the area In which the maneuver is performed. In figure 7 the flight path
would appear identical to a SAM site located at a constant V and at any X up to
the point where it could interact wIth the penetrator during its maneuver. It is
obvious that the average number of missiles fired and site lethal width for SAils
A , B, and C will be the same, so they need only be calculated once.

0. CALCULATION OF SURVIVAL PROBAB ILITY. When the model has calculated the aver-
age number of missiles fired by all SAM sites and their lethal widths, all the
information necessary for calculating the survival probability is available. The
probability of survival Is calculated for each value of the series of defense
levels (DLEV).

The probability of a single penetrator surviving the attack of type j

SAM5 at a site location I for defense level m is:
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PK~ single shot kill probability of the j type SAN

PEGN . effectiveness of SAM if subjected to ECM, unity other-
wise.

The expected number of shots fired by the S type SANs at location i for defense
level m is:

Nim = (NSITE1) (S1) (OF
5
) (PUP1) (01EV ) (PE1)

where
NSITE~ number of SAM sites at location i

number of missiles fired by a 5 type SAN at location I

DF
5 

fraction of total number of 5 type SANs operative

PUP1 probability that a j type SAM site at i will fire at
the penetrator, given the opportunity

DLEVm defense level fraction

PE1 expected number of encounters of penetrator with site
ati
1.0 specific placement of SANs

relative to target path
PE1 L.~ W expected value encounter with

homogeneous boundary condition
1.0 L1 > 2W1 expected value encounter wi th

~ 
isolated corridor boundary

L1 - (L~\ L1 < 2W J condition

where
L1 lethal width of SAM at i

W corr idor w idth (CORWDTH)

*The factor (L4+2W)
2 is the expected number of encounters with sites outside the

boundaries of the corridor and must be subtracted when the isolated corridor
boundary is used.
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The probability of the penetrator surviving all the SAM locations for defense

level m is:
k

= 11 1’51m
i = l

where
k total number of SAM locations.
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SECTION 3

INPUT AND OUTPUT

A. INPUT. Input to the SURVIVE program is based on cards containing an identi-
fier and, generally, data associated with the identi fier. The identi fier may be
the name of a variable in the model . The first ten spaces on the card are used
for the identifier, left justified, and the second ten spaces are a floating point
field for data. The remainder of the card may be used for coments. In many
ins tances , this format is not adequate to allow the specification of all data
associated with the identifier. In these cases, the identifier card is m ine—
diately followed by additional specially formatted data cards. The order of the
identi fier cards within a data deck is not important, although cards associated
with an identifier card must be in proper order. A specific case is set up by
defining all the necessary information for the model with the identifier cards
and their associated cards. The case is terminated by the identifier “ENOCASE.”
Mul tiple cases may be run by the model . Once data are defined by an identifier
case, they may be changed by specifying new data with another identifier card
with the same identifier name. Data which does not change from case to case need
only be input once. Addi tional cases may be defined by changing parameters of
the previous data set, thus simplifying the generation of multiple cases. Program
execution is ininediately terminated by the identi fier “ENDJOB. ” The program
prints out all the input data to provide a permanent record of the parameters
associated with each run. Data appearing on cards associated with the identifier
card are labeled in the output with variable names or descriptions. These para-
meter names and descriptions were given in the previous section to show their use
in the model. In this section they are used in addition to the identifier names
to help describe the input to the model . The model checks for invalid identifier
names and will issue a diagnostic message and terminate execution when one is
found. Input cards for a sample problem are given in appendi x B.

The following list defines the identifiers used for input to the model
along with any other cards associated with the i dentifier. When an identifier
card is used to specify a SAM type, the IdentIfying number of the SAN from 1.0
to 10.0 is entered in the data field. In some cases, a variable number of cards
may follow the identifier card, as when defining a flight profile. These groups
of cards are terminated by an end of record (EOR) card. The model reads data
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until the EOR card is reached, thus relieving the user of the task of counting
the cards. The units used by the model are kilometers, secon ds , degrees , and
appropriately derived units . Parameter default values are given below when appl i-
cable. 

-

input Glossaj~

AREA Signifies rectangular coordinates (= 1.), polar coordinates
with site facing to decreasing values of X (= Oj, or polar
coordinates with site facing radially outward from the origin
of the coordinate system (= -1.). Default value = 1.

AVERAGE Specific mode (= 0.), or expected value mode (= 1.). Default
value = 1.

CLUTTER Ground clutter angle above terrain for sensors.

CORWOTH Corridor width .

DEBUG Print debugging information concerning relati ve positions of
sites and targets at each time step (

~ 1.), no information
printed (= 0 ) .  Default value = 0.

DEBUG1 Print debugging information concerning relative positions of
sites and targets for each missile launch (= 1.), no infor-
mation printed (= 0 . ) .  Default va lue = 0.

OF The i-th field of the next card contains the fraction of
type i SAMs that are to constitute the actual defense level .
Format (10E8.l).

DLEV Each following card defines an overall defense level multi-
plier for editing the final output. Format (E1O.3). Termi-
nated by an EOR.

DXSTART Increment in X for generating a series of delivery system
profiles. Default value = 2 .5 .

EGRESS The following card provides information on egress time of the
penetrator and SAM degradation factor; TEGRESS the time after
which the penetrator Is assumed to be egressing and FEGRESS
the degradation factor applied to SAM performance after that
time. Format (2ElO.3).
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ENDCASE Signifies the end of input for a case.

ENDJOB Ininediately terminates execution.

FASTRUN Multiplies the normal program time step to decrease running
time. Default value = 1.

FUSE Specifies a SAM type. The following cards define the dead
zone about the site by paired elevation-range points ordered
by increasing elevation . Format (2ElO.3). Terminated by an
EOR.

MISLXT Specifies a SAM type. The following cards define the missile
intercept performance by paired distance-time points along
its flight path ordered by increasing distance. Format
(2E10.3). Terminated by an EOR.

NOSIG The i-th field of the following card indicates that for SAM
type i signature information and sensor sensiti vi ties (= 0),
or maximum sensor ranges (= 1) will be used for tracking and
lock-on . Format (1018). Default values = 1.

NXSTART Total number of flight profiles to be generated for this
case. Default value = 1.

PKSS Selects the penetrator (= 0.) or the weapon (= 1.), and spe-
cifies that the single shot kill probabilities for the type
I SAM against that target are given in the 1-th field of the
following card. Format (lOE8.l).

RNG Specifies a SAM type. The following cards define the missile
maximum lethal range envelope by paired elevation—range
points ordered by increasing elevation. Format (2E10.3).
Terminated by an EOR.

SAM Specifies a SAM type. The following three cards define
various parameters for that type SAM site as follows :
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Card 1: Format (31l0 ,5E10.3)
field (1) NS number of salvos that the site is

able to fire before reloading.

(2) NSS number of missiles per salvo.

(3) IR missile guidance Independent of site
(= 1), target must remain wi thin
radar coverage of site during mis-
sile flight (‘ 0).

(4) HRAD height of sensor above ground level.

(5) RTRK minimum signal strength for sensor
tracking.

(6) RLOCK minimum signal strength for sensor
lock-on.

(7) ELMAX sensor maximum elevation.

(8) ALTNIN minimum missile intercept altitude

Card 2: Format (8E10.3)
field (1) TINIT sensor tracking time before each

salvo is fired.

(2) TISH time between shots within a salvo .

(3) TINTER time between salvos.

(4) TRELOAD site reload time.

(5) ASPMIN minimum as pect angle of target for
senso r to acqui re penetrator or
weapon.

(6) ASPMAX maximum aspect angle of target for
sensor to acqui re penetrator or
wea pon.

(7) AZMA X max imum az imuth angle for f iring a
missile.

(8) ECNE effertiveness of site when sub-
jected to ECM.
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Card 3: Format (2E10.3)
fiel d (11 RADTRK maximum sensor tracking range.

(2) RADLOCK maximum sensor lock-on range.

SIGNATURE Signifies signature data for (= 1.) the penetrator for use by
those sensors with ZR = 0, for (= 2.) the penetrator for use
by those sensors with ZR = 1 , for (= 3.) the weapon for use
by those sensors with ZR = 0, and for (= 4.) the weapon for
use by those sensors with ZR = 1. The signature data is
specified on the succeeding cards as a function of aspect
angle in order of ascending angles. The angle is the first
value on each card and the signature second. Format (2ElO.3).
Terminated by an EOR.

SITE The cards that follow define the entire basic set of SANs
available for the case, their number, locations, and some
site specific parameters. Only one SAM type at one location
may be specified per card, but more than one site may be
specified at that location. Each card defines the following
variables:

(1) NTYPE type number of SAM.

(2) NSITE number of sites.

(3) XSITE X or g coordinate of sites.

(4) YSITE V or R coordinate of sites. It is
not necessary to specify V or 9
when running In the expected value
mode (AVERAGE 1.).

(5) PUP probability that the sites will fire
given an opportunity.

(6) TERFR terrain identifying factor for se-
• lecting the proper terrain masking

angle distribution (see TERRAIN).
Forma t (2110, 4F10.3) terminated by EOR
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SYMETRY Signifies homogeneous boundary condition (= 1.0) or isolated
area boundary condition (= 0.). Default value = 1.

TARGETY The V value of the ground target coordinate relative to the
delivery system profile when AREA = 1., or the central angle
of an angular corridor when AREA = 0. Only used when
SYMETRY = 0. Default value = 0.

TERRAIN Signifies that groups of discrete terrain masking angle in-
formation will follow. The first card of each of the groups
following the TERRAIN card specifies TFRAC, the terrain mask-
ing angle identifying factor, and ANTH, the sensor height
above ground level for which the masking angles were gene-
rated. Format (2E10.3). The remaining cards in each group
specify the forward and rear masking angles , ELF and ELR, as
wel l as the probability that they will occur, PROB. Format
(3E10.3). A maximum of ten groups may be specified with up
to 10 paired angles in each group. Each group is terminated
by an EOR, and an additional EOR must appear after the last
group. The model chooses the appropriate group of terrain
masking angles to match the terrain identifying factor (TERFR)
given on the site location cards (SITE), as well as the
height of the sensor for the particular type of site (HRAD)
as specified by the site characteristics (SAN). It is neces-
sary to have groups of terrain masking angles for all result-
ing combinations of HRAD and TERFR.

TITLE Any remark punched in the coment field of this card will be
used to title the output.

TSTART Starting time of the penetrator flight profile.

TSTARTP Simulation starting time. If not specified, the model will
choose the smaller of TSTART and TSTARTW.

TSTARTW Starting time of the weapon flight profile.

ISTOP Stopping time of the penetrator flight profile.

TSTOPP Simulation stopping time. If not specified, the model will
choose the larger of TSTOP and TSTOPW.
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TSTOPW Stopping time of the weapon flight profile.

XECM Signi fies that the following cards will specify the starting
and endi ng values of intervals In X or R ove r which the SAM
sites will be degraded by ECM, with one interval per card.
Format (2ElO.3). Terminated by an EOR.

XSTART Constant added to the X coordinate of the penetrator and
weapon flight profiles for locating It relative to the SAM
sites. Will be the first value when generating a series of
flight profiles for a given case.

XYZT Specifies the largest X coordinate for the portion of the
penetrator flight profile that will appear identical to
similar SAM sites. A value of zero indicates that all SAN
sites will be calculated Indivi dually. The following cards
specify penetrator X, Y, Z, and corresponding time for each
poi nt of the flight profile in order of increasing time.
Format (4E1O.3). Terminated by an EOR.

XYZTW The same as XYZT except for the weapon flight profile.

B. OUTPUT. After listing all data input to the model, survival probabilities
and related information for each case are reported. Figure 8 shows part of the
survival probability results for the sample problem in appendi x B. Various
features of the results will be identi fied in figure 8 as they are discussed
in the text.

The model sumarizes the resul ts for each XSTART generated for a given
case (A). For each of the overall defense levels input to the model , survival
probabilities are reported without any ECM degradation of the SAM sites (C), as
well as with any ECM degradation specified (D). Under each of these headings
survi val probabilities as a function of overall defense level are given for: (1)
the penetrator from the simulation start time to the weapon start time (release)
(E); (2) the penetrator from the simulation start time to the simulation stop
time (F); and (3) the weapon from its start time to its stop time (G). In the
last column (H) is given the combined weapon survival probability composed of

the penetrator surv iva l probab i lity with ECM up to weapon release and the weapon
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survival probability without ECN. The site lethal width and average number of
missiles fired for a single SAN site that are used to calculate the survi val
probabilities are given by SAN type and location (I).

After these results have been given for all values of XSTART generated
for the case, the average survi val probabilitie s for the case are given (B).
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APPENDIX A

FORTRAN LISTING OF SURVIVE
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PROGRA M SURVIVE (INPUT ,OUTPUT ,TAPE1~ INPUT )
C
C
C THIS ROUTINE SEQUENCES THE PROGRAM FLOW AND PRINTS CASE AVERAGE S
C
C

COMMON /TRAJ/ NXYZT(2),XYZ (1000,3,2) ,T (1000,2),XSTART,TSTART (2),15
ITOP (2) .TIN(10,2) ,NTIN ,iiECM (20,2) ,NXECM ,THIN (10,2) ,DXSTART ,NXSTART ,
2XSAMEP.XSAMEW ,NSYSOP ,TSTOPP ,TSTARTP,TARGETY,OXYZDT (1000,3,2),Is (2)
COMMON /PARM/ DF (10),OEBUG ,FLTWTH(2,2),PLETH(10),OEBUG1,TITLE (6),P

1KSS (10.2) ,CORWOTH,CLUT TER ,TERRANE (10,3,10) ,NTERA (10) ,NTER ,TFRAC (10
2) ,ANT H (10) ,AREA ,DEBUG2,OFSETO ,RE LEASE ,VELPEN ,OLEV (1O) ,NOLEV ,AVERA G
3E.NITLL (6) ,NITL2 (6) ,SYMETRY ,TEGRESS,FEGRESS ,NITL3 (6) ,N INTRPR (1o) ,N
4ASP ,FASTRUN
COMMON /AVG / SUMECM (10,3) .SUMNECM (1O ,3)

1 CALL INPUTS
DO 2 1*1,30

2 SUMECH (I )*SUMNECM (1) *0.
IF (NX START.LE.O) NXSTAR TZ1
S VXS ST APT
DO 3 Iz1,NXSTART
CALL AVSHOTS
CALL PRO 3S
XSTART—XSTART •DX START

3 CONTINUE
XSTART *SVXS
PRINT 4, NXSTART ,XSTAR T
PRINT 5, TITLE .NITLI,NITL2,NITL3
PRINT 6. AREA ,CORWDTH ,XSTART ,TSTART ,TSTOP
PRINT 8
PRINT 7, (DLEV (L),( 5U14p$ECM (L ,I),Iz1,3), (SUMECM (L ,I),I=1,3),SUI4ECM(
1L.1)~ SUMNECM (L .3) .1=10401EV)
PRINT 9
GO TO 1

C
4 FORMAT (//l30(1I4~ )//22H AVERAGES FOR PREVIOUS ,I5,22H CASES FIRST
1XSTART —.F10.2)

S FOR MAT (IX ,6A10)
6 FORMAT (6H AREA~ ,FS.1,l 5H CORRIDOR WIDTH ,F10,2,8H XSTART= ,F10,2,1211$ START TIMES,2F10.2,12H STOP TIMES ,2F10.2)
7 FORMAT ($F15.3)
8 FORMAT (21X ,32HSURVIVA I PROBARILITY WITHOUT ECM ,23X ,29HSURVIVAL PR

1O~Ae1L ITY WITH ECN/2X,13HOEFENCE LEVEL,2 (1X ,14HA/C TO RELEASE ,3X ,1
2214*/C COMPLETE ,5X ,1OHWEAPON/REL )2X ,13HA,C,w W/O ECM )
9 FORMAT (130(1H•))

END
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SUBROUT INE AVSHOTS
C
C
C THIS ROUTINE DETERMINES OFFSET RANGES. CALCULATES NUMBER OF SHOTS
C FIRED , AND THE AVERAGE NUMBER OF SHOTS AND LETHAL WID TH
C
C

COMMON /TRAJ/ NXYZT (2),XYZ (1000,3,2).T (I000,2),*START,TSTART (2),TS
1TOP (2),TIN(10,2).NTIN ,XECM (20,2),NXECM ,THIN (10,2),DXSTART ,NXSTART,
2XSAMEP,XSAMEW ,NSYSOP,TSTOPP .TSTAPTP ,TARGETY ,OXYZDT (1000,3,2).IS (2)
COMMON /ISAM/ NTYPE(100),NSITE (loO),XSITE (100),PUP (100),ELMIN (koo ,
12),NTOTS,SITWDTH (1 00,3),AVSHOT(1 00,3).TERFR (100),SITRAD (100),ARSIT
2 (100)
COMMON /ASAM / HRAO (1O),RTRK(IO),EIMAX( Io),TINIT(1O),TTNTER (1O),NS (

11 0) .NSS(I0) ,TRELOADUO ,AVVELC IO) ,ASPM IN (1O) ,ASPMAA (10) ,AZMAX( 10) ,
2RNG (20,10),ELR (20,1O),NRN6(1O),FUS (20,1o).ELP (20,1o),NFUS (lO),Ip (l
30) ,TISH (10) .ECME (10) ,ALTMTN(1O) ,ALTMAX (10) ,SIGTH(20.4) .SIG(20.4) ,N
4S10(4),RLOCK (10).XMISL(20.10),TMISLC2O ,10).NxMISL (10).RADTRK(l0),R
5ADLOCK (10)
COMMON /PARN/ DF (10),OEBUG ,FLTWTH (2 ,2),RLETHC1O),OEBUGL ,TITLE (6),P
1KSS (10,2),CORWDTH,CLUTTER ,TERRANE(10 ,3 ,10),NTERA (10),NTER ,TFRAC (10
2) ,AP4TH (1O) ,AREA ,OEBUG2 ,OFSETD ,PELEASE,VEIPEN ,DLEV (1O) ,NOLEV ,AVERAG
3E.NITLI (6) ,NITL2 (6) ,SYP4ETRY ,TEGPESS,FEGRESS.NITL3(6) ,ND4TRPR (10) ,N
4ASP • FASTRUP 4
COMMON /0/ *ZT,ELT ,PNGr,ASPT,AZTF ,ELTF ,RNGTF,ASPTF ,AZTA ,ELTA ,RNGTA

1 ,ASPTA
DIMENSION NDONE(IOO ), p8SHT (3), AVSH (3), NOFSET (3)
DO 1 1*1.100

1 NDOPIE(I).0
DPR—57 .29578
NSOT~F ASTRUN—1 .
IF (N SOT .LT.0) NSOT=0
NOEGs1 0
NOOFSa1O
HOTS.50
TINT .15.
SVT 1 .TSTARTP
SVT2*TSTOPP
DO 45 I—1.NTOTS
TSTARTPwSVT 1
TSTOPP~SVT2
IF INDONE (I).GT.0) GO TO 45
ASITS .*SITE (I)
N .NTYPE (I)
SITWDTII(I,1)*SITWOTH (I,2).SITWOTJflI,3).o,
AVSHOT(I ,1 *AVSHOT (I.2)=AVSHOT (I,3)=O.
IF (OF (N).LE.0.) GO TO 45
IF (NTER.LE .0) GO 10 45
IS(1 )aIS(2)~ 2
DT.5.
NSYSOP.0
IF (NXYZT (1) .GT.O.A.PKSS(ri,1).GT.o..A.(IR (N) .LE.fl .A .NSIG (1) .GT.o.O

1.IP(N).GT.o.A .MSIG (3).GT.o.O.NINTRPR (N).G1.O)) NSYSOP 1
IF (NXYZT (2).GT.0.A.PI(SS(N.ZI .GT.0..A. 1R N .LE .0.A.NSIG 2 .GT.n.O
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1.IR (N) .GT.0.A.NSIG (3).GT.0.O.ND4TRPR (N),GT.0)) NSYSOP=NSYSOP .2
IF NSYSOP.LE.0) GO TO 45
IF (TSTARTP.GT.—100000.) GO TO 5
GO TO (2.3.4). NSYSOP

2 TSTARTP TSTART
GO TO S

3 TSTART P~TSTART (2)GO TO 5
4 TSTARTP*ANIN1 (TSTART (1 ,TSTART (2))
5 IF (TSTOPP.GT .—100000.) GO TO 9

GO TO (6.7,8). NSYSOP
6 TSTOPP~TSTOPGO TO 9
7 TSTOPPxTSTOP (2)

GO TO 9
8 TSTOPP~ANAXl (TSTOP (l).TSTOP(2))
9 CONTINUE

XSAME XSAMEP
IF (NSYSOP.EO.2) XSAME =XSAM EW
CALL TIME IN (I,DT.N)
IF (NTIN .LT.1) GO TO 45
IF (AREA.LE. O.) GO TO 15
GO TO (10.11,12 , NSYSOP

10 FLTW I=FLTWTH (1 ,1)
FLTW 2=FLTWTH (2,1)
GO TO 13

U F11W 1*FLTWTH (1,2)
FLTW 2:FLTWTH (2,2)
GO TO 13

12 FL.TW1=AMAX 1 (FL.TWTH (I,1),FLTWTH (1,2))
OFMAX =— FLTW 2+RLETH (N)

13 OFMIN=— FLTW 1—RL ETH (N )
OFMAA=FLTW2 ,RLETH (N)
OFM IN2*.uFLTWTH (1 ,2 —RLETH (N)
OF MAX 2a—FLTWTH (2 .2) .RLETH (N)
IF (SYHETRY.GT.0.) GO 10 14
OFP4AX=AMINI (TARGETY .CORWDTH ,OFMAX)
OFM IN= AM AX 1 (TARGETY—COQwDTH ,OFM IN )

14 CONTINUE
DOFSaRLETH (N) /NDOF S
NOF . (OF MIN—0OF S) /DOFS
OFMINzDOFS.P4OF a

NOF . (OFMAX .DOFS) /DOFS
OFMAX=DOFS•NOF

15 CONTINUE
00 16 NNT .1,NTER
IF (TERFR (I).EQ.TFR AC (NNT).A.HRAD (N).EQ .ANTH(NNT )) GO TO 17

16 CONTINUE
GO 10 45

17 NALF *NNT
NPIIT*NTERA (P4ALF )
DO 39 NNTI.1,NNT
ELMIN (I.1).TERRANE (NP4T1,1,P4ALF),CLUTTER
ELMIN (I,2).TERRANE (NNT I ,2,NALF ).CLUTTER
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AVSH (1 ).AV~M (2)*AV$p$(3)zO
NOFSET (1 )zNOFSET (2)=NOFSET (3) *0
OF SET=OFMIN
IF (AV ERAGE.LE.0.) OFSET=—SITRAO U)
LAB . 1 OHSAN
IF (DEB UG1.GT.0.) PRINT 46, LAB ,FLOAT (N ),FLOAT (I),OFMIN ,OFMAX ,EIM I

IPI( I,1),ELMIN( I,2),FLOAT (NSYSOP),TSTA RTP,TSTOPP
18 NSHO.0

ISHOT*O
NSRwO
NSHT (1 )aNSHT (2).N SHT(3).0
TLW—ISI ART P
TS~TSTARTPTOLeTS
NPH .1
IF (NSYSOP.EQ.2) NPH*3
P4SF~0
00 36 NTa1 ,NTIN
IF (AREA.GT .0.) GO TO 21
OFMIN~THIN (NT, 1)
OFMAX =THIN (NT.2)
DOFS IFIX (AR SIT( 1)/NOEG)
DOFS*AMINI U0.,00FS)
DOFS*AMAX1 (1.,00FS)
IF (OFMAX—OFMIN.GE.359 .9) OFMA *ZOFMAX— .5*DOFS
OFSETO*OFMIN
IF (AVERAGE.LE .O.) OFS (TDvXSITS

19 XSITE (1)sSITRAD(I)~ COS (OFSETLW DPP)
OFSET —S ITR AD ( I) ~S IN (OFSETD/OPR)NSHT (1) 2NSHT (2) aP4SHT ( 3) *0
TLW.TSTARTP
TS.TSTARTP
TOL.TS
NPH.1
NSF.0
NSHO 0
IF (SYMETRY .GT.O.) 60 TO 20
TEMPD=AMOD (OFSETD~ 720. .360.)
TEMP IzAM OO (TARGETY— .5~cORwDTI1•72o • .360 •)
TEMP2=A NOO(TARGETY ..5ØcORWOTH.720.,360.)
IF (TEI4P2.GT.TEMPI.A. (TEMPD.LT.TEMP1.O .TEMPD .GT .TEMP2)) GO TO 34
IF (TEMP2.LT.TEMPI.A.(TEMPO .LT.TEMP1.A.TEMPD .GT.TEMP2)) GO 10 34

20 CONTINUE
21 CONTINUE

10.1 IN (NT • 1)

DTISaIFIX (.2S~TISIl (N))
0TIS~A MA X1 (OTIS.1.)
DT .IFIX (ANIN1 ((TIN (NT ,2)—TO )/N0TS,.25~TINTER U1),.25*TINIT (N )))DT .AMA X I (OT,1.)
TOaTO—DT
TINT.T INIT (N)

22 IF (NSF.EO.0) TO=TO .DT
IF (NSF.6T.O) TO~TO.OTI5IF (TO.GE.TS) GO TO 23
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NNNT’ (TS—T 0)/DT.1
TO.TO.NNNf’OT

23 CONTINUE
IF (F ASTRLJN.LE.1.) GO TO 25
IF (ISI4OT.NE.0) 60 10 24
NSR.NSR.1
IF (NSR.LE .NSOT) GO 10 25
IF (NSF.EQ.0) TO.TO,NSDT*DT
IF (NSF.GT.O) TOSTO.NSDT*DTIO
GO TO 25

24 IF NSR .GT.NSDT.A.NSF.EQ.0) TO=TO—NSDT *DT~DT
IF (NSR .6T.NSDT.A .NSF.GT.0) TO=TO-NSDT *OTIS—DTIS
NSR— 0

25 CONTINUE
IF (TO .GT.T IN(NT,2) . .5*OT) GO TO 29
IF (TS .GE.T IN(NT.2 )) GO TO 34
IF (OFSET.LT.0Ft41N2.O.OFSET.GT.OFMAX2) GO TO 26
GO TO (26.27,28), NSYSOP

26 L*1
GO TO 31

27 L~2GO TO 31
28 L~ 1

IF (NPH.EQ .4) GO TO 31
IF (TO.LE.T START (2).TINIT (N)) GO TO 31
IF (TO.GT.TINft4T,2).O.VO.GT.TSTOP (2),O.TS.GE.TIN(NT ,2).O.TS.GE.1ST

1OP (2)) GO TO 29
La2
IF (NPH.EQ .3) GO TO 31
NPP4.2
L~ 1
CALL INCOV (I,TO,OFSCT ,ISHOT ,TFIRE ,TINT ,TAQ ,TSTART(2),2)
IF (N SR.GT.NSOT.A .(NSDT.1)’DT .TO.GT.TSTOP (2).A.ISHOT .LE.O .A.FASTRU

IPI.GT.1.) NSR O
IF (ISI40T.LE.0) GO TO 31
LABs1OPIG000 SHWEA
IF (DEBUG1 .GT.0.) PRINT 47, LA8 ,FLOAT (I),FLOAT (NPH),FLOAT(NSF) ,TFI

iRE , TO. TS, TOL , TLw
IF (TAQ.LT .TSTART (2)) GO TO 31
IF (N SR.6T.NSDT) GO TO 22
TI We TO
NPH.3
L*2
IF (IR (N).NE.O.*.NSF.EQ.O.A.TFIRE.GE .TS) GO 10 32
IF (NSF.NE .0) TSzTS—TISH (N ).TINIJ (N)
IF (IR (N).PIE.0) GO TO 31
TS.A MAX 1 (TS.TOL.TINIT (P4))
60 10 31

29 IF (NSYSOP.NE.3) GO 10 34
IF (NPH.EQ.i) GO TO 34
IF (NPH.EQ.2) GO TO 30
IF (NPH.EQ.4) GO 10 34
TO.TLW
IF (NS HT(3).GT.0.A.NSF GT.0) T5~TS—TI SiI (N) .TINfT (N )
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IF (IR (N).EQ .0) TS*AMAX1 (TS ,TOL .TINIT (N))
LAB— 1ONCHANGE 1
IF (DEB U61.GT.0.) PRINT 47, LA B ,TS ,TO ,AVSH ( 3)

30 Lal
NPH.4

31 CALL INCOV (1,TO,OFSET,ISHOT ,TFIRE ,TINT,TAQ,TS,L)
32 IF (ISHOT.LE.0) GO TO 22

IF O4SR.ST.NSOT) GO TO 22
TOL—TO
IF (AREA .GT.O.) OFSETD=OFSET
LA8 .1OH0000 SHOT
IF. (DEBU G1.GT.O.) PRINT 47, LAB ,OF SETD ,TS ,TAQ ,AZTA ,ELTA ,RNGTA ,ASPT

1A.TFIRE .AZTF ,ELTF .PNGTF,ASPTF ,TO, AZT,ELT ,RNGT ,ASPT ,NPH
IF (NP H.NE.3.A.NSYSOP .NE.2) AVSH (2)=AVSH (2).).
IF (NP H.NE.3.A .NSYSOP.NE.2) NSHT (2)=1
IF (NPI4.NE.3.A .NSYSOP .NE .2.A.TAQ.GT.TEGRESS) AVSP (2)=AVSH(2).FEGRE

1SS—I .
IF (NP H.P4E.3.A.NSYSOP.p$E.2.A.TO.LE.TSTAPT(2)) AVSH (1)zAVSH (1).1.
IF (NPH.NE.3.A.NSYSOP.NE.2.A .TO.LE.TSTART (2)) NSHT (1)zl
IF (NPI4.NE.3.A.NSYSOP.p4E.2.A .TO.LE.TSTART (2) .A .TAO .GT.TEGRESS) AVS

114 (1 )~ AVSH (1 ).FEGRESS—1
IF (NSY SOP.NE.1 .A.NPH.EO.3.A.TAQ.GT.TSTART(2)) AVSH (3)=AVSH (3) .1.
IF (NSY SOP.NE.1.A.NPH.EQ .3.A.TAO .GT.TSTART(2)) NSHT (3)=1
NSF eNSF. I
TSaTFIRE .TISII(N)
IF (NSF.LT.NSS (N)) GO TO 22
NSF O
TSaTFIRE.T INTER (N)
NSHO NSHO. 1
IF (TS.GE.TO+TINIT (N)) GO TO 33
TS—TO .TINIT(N)

33 CONTINUE
IF (NSHO.LT.NS (N)) GO TO 22
NSHO O
TSaTFI R E.TRELO A O(N)
IF (TS .GE .TO+TIN IT (N)) GO TO 22
TS.TO.TINIT (N)
GO TO 22

34 CONTINUE
IF (AREA .GT. O.) GO TO 36
00 35 K—1 ,3

35 IF (NSHT(X) .GT.O) NOFSET (K).NOFSET (K)4l
LAB .1OHPOLARLIMS
IF (DESUG 2.GT.O.) PRINT 46, LAB ,FLOAT (NT ).DOFS,OFSETD ,XSITE (I),OFS

1ET .AVSH.FLOAT (NOFSET ) ,TSTART
IF (AVERAGE .LE.o.) GO TO 36
OF SETD~OFSETD.DoFS
IF (OFSETD.LE .OFMAX) 60 TO 19

36 CONTINUE
IF (AREA.LE.O.) GO TO 38
DO 37 K 1.3

37 IF (NSHT (K).GT ,O) NOFSET (K) NOFSET (K).1
IF (AVERAGE .LE.o .) 60 TO 38
OFSEThOFSET.DOF S
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IF (OFSET.LE .OFMAX) GO TO 18
38 CONTINUE

00 39 (.1,3
IF (N OFSET (K).GT .O) AVSH(K)ZAVSH(K )/NOFSFT (K)
SITW 0TH(I ,K) NOFSET(K)*DOFS~TERRANE (NNT1 ,3 ,NALF) .SITWDTH (I,K)
AV SI4OT (I,K) .AVSHOT(I,K) .TERRANE (NNT1 ,3 ,NALF).AVSH(K )
LAB . 1 OHAVSHOTS
IF (OE~U61,GT.0.) PRINT 46, LAB ,FLOAT (I) ,FL OAT (NOFSET (K)) ,AVSHOT(I

1,K) .SITWDTH (I,K) ,AVSH (K),NOFSET (K)’DOFS
39 CONTINUE

*SITE (I).XSITS
DO 40 Kal.3

40 IF (AVERAGE .LE.0.) SITWDTH (I.K)xCORWOTH
IF (I.EQ.NT OTS.O.AREA.LE.0..O.XSANE .EQ.o.) GO TO 45
Ke 1
IF (NSYS OP.EO.2) K.2
XOONE XSAME ,XSTART— PLETH (N)
IF (XSITE (I).GT.XDONE ) GO TO 45
XTSTOP=TRP (TSTOP ,T (l,K) ,XYZ (1,1,lO ,NXYZT (K)).XSTART
XTSTART*TRp(TSTART ,T (1,K),xyZu ,I,lc).NXYZT (K)).XSTART
XTEGR=TRP (TEGRESS,T (I,pc),xYZ (i ,1 ,K),Nxyzl(K)).XSTART
IF (AB S (XT (GR—XSITE (I)).LT .RLETII(N).a.FEGRESS .NE .1.) GO TO 45
D31.XTEGR—XSITE (1)
IF (NSYSOP.EQ .2) GO TO 41
XT RELZTRP (TSTART (2),T (1,K),XYZ (1,1,K),NxyZT (K)).X5TART
IF (ABS (XTREL— XSITE (I)).LT .RLETH(N)) GO TO 45
D4I XTREL—XS ITE ( I)

41 CONTINU E
IF (ABS (XTSTART—*SITE (I)),L.T .RLETH (N).O,ARS (XTSTOP—XSITE (I)).LT .RL

1ETH (N)) GO TO 45
O1I.XTSTART—XS ITE (I)
02I.XTSTOP—XSITE (I)
J1zI,1
DO 44 J Ji ,NTOTS
IF NTYPEu).NE.NTYPE (J).O .TEPFRcI).NE.TERFR (J).O.xSITE~~~.GT.~ roN

1E.O.NOONE (J).GT.0) GO TO 44
IF (A8 S(XTSTART—XS ITE (J ) ) .LT. PL ETH ( N) .O . A BS(*TST OP—XS ITE(J )) .LT .RL
1ETH(N)) 60 TO 44
D 1J .XTSTART—XSITE(J)
02J.XTSTOP—XSITE (J)
03J .XTCGR—XSITE(J)
IF (FEGRESS.NE .I..A .SGNID3I).NE .SGN(D3J)) GO TO 44
IF (NSYSOP.EQ.2) GO TO 42
D4J .XTREL—XSITE (J)
IF (SGN (D41).NE.SGN (D4J)) GO TO 44

42 CONTINUE
IF (SON(D1I).NE.SGN(D1 J) .O.SGN(021).NE.SGN(D2J )) GO TO 44
DO 43 (.1.3
SITWDT H (J,K) SITWDTH (I ,K)
AVS HOT (J ,K) AVS HOT ( I.K)

43 CONTINUE
NDONE (J)~ 1

44 CONTINUE
45 CONT INUE
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TST ARTP S VT 1
TSTOPP~SVT2
RETURN

C
46 FORMAT (IX ,AiO ,12F10.4)
47 FORMAT (1X ,At0,17F7.1,!3)

END
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SUBROUTINE PROBS
C
C
C THIS ROUTINE CALCULATES AND PRINTS PROBABILITY OF SURVIVAL FOR
C EACH XSTART
C
C

COMMON /TR*J/ NXYZT(2) ,XYZ (I000,3,2),T(1000,2),XSTART,TSTART (2),TS
ITOP (2),TIN (10,2),NTIN ,x€CM (20,2).NXECN ,THIN (10,2),DXSTART ,NXST*RT ,
2XSAMEP ,XSANEW ,NSYSOP ,TSTOPP ,TSTARTP ,TARGETY ,DXYZDT41000,3 ,2),IS (2)
COMMON /ISAM/ NTYPE(I00),NSITE (100) ,XSITE (100),PUP (100),ELMIN (100,
12) ,NTOTS ,SITWOTH (100,3) ,AVSHOT (100,3) ,rERFR (100) ,SITRADUOO ) .ARS IT
2 (100)
COMMON /ASAM/ HRAD (10) ,RTRK (10),ELMAX (1o) .TINIT (10) .TINTER (10),p4S (
i10),NSS (i0),TRELOAD( 10) ,AVVEL (10),ASPMIN (I0),ASPMAA (1O) ,AZMAA (10),
2RNG (20.10) ,ELR (20.1O) ,NRNG (10) ,FIJS (20,1o) ,ELF(20,I0) ,NFUS (i0) , TP (1
30) .TISH (10) ,ECME (10) ,ALTMIN (10) ,ALTMAX( 10) ,SIGTH(20,4) .SIG(20.4) ,N
4SIG (4).RLOCK (10),XMI.SL.(20,10),TNISL (20 ,1O),NXMI SL (10),RADTRK (10),R
SADLOCK (10) -.

COMMON /PARN/ DF (1O),OEBUG ,FLTWTI9(2,2),RLETH (10),DEBUG1,TITLE(6),P
1KSS (10,2),CORWDTH,CLUTTER ,TERRANE (1O ,3,10),NTERA (10),NTER .TFRAC( 10
2) ,ANTH (1O) ,AREA ,DEV (JG2 ,OFSETD .RELEASE.VELPEN ,OLEV (10) .NDLEVeAVERAG
3E,NITL1 (6) ,NITL2 (6) ,SYMETRY ,TEGRESS ,FEGRESS ,NITL3 (6) ,N INTRPR(10) ,N
4ASP , FASTRUN
COMMON /AVG/ SUMECM (I0,3),SUMNECM (10 ,3)
DIMENSI ON PECMIIO ,3), PNECM(10,3)
PRINT 14
IF (AREA .LE .0.) PRINT 17
IF (*REA .LT.0.) PRINT 18
IF (AVERA GE.GT.0.) PRINT 15
PRINT 16, XSTART
DO 1 1*1.30

1 PECM (I)~ PNECM (I) 1.
DO 12 I~ 1~ 311.1
IF (I.EQ.3) 11=2
00 12 J~ 1,NT OTS
NeNT YPE (J)
IF (OF(N).LE.O.) GO TO 12
ENCeI.
IF (AVERAGE.LE.O.) GO TO 6
IF (SYI4ETRY .LE.O.) GO TO 2
EP4C—SITWDTH (J , 1)/CORWOTH
GO TO 6

2 IF (AREA .LE.0.) GO TO 4
3 ENCaSITWDTH (J ,I)/CORwDTH— (AMIN1 (1.,.5’SITwDTH (J,I)/COPW 0TH))~ .2

GO TO 5
4 IF (SITWDTH (J,I).GE•36O..O.SIT~~TH (J,1),CORW0T14.G(.2.) GO TO 6

IF (CORWDTH..5’SITWOTH(J.I).LE.360.) GO TO 3 -

Ai~CORWOTH ..5~SITW 0TH (J, I)—360.
A2aCORWOTH— .5~S ITWOTIl (J, I)
Pie (CORWOTH .SITWOTH (J, I) —360.) /CORWOTII
ENC.(SITWDTH (J,I).(A 1.A2)* (P1—SITWOTH (J ,I)/CORWOTH))/CORWOTPI

5 ENC .AMIN1 (1..ENC )
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6 EI.NSITE (J)’E~~
SI.E1IAVSHOT (J. I)*PUP (J) 0F (NI

ECMEFFdl.
I? (NXC CM.LE.0) GO TO 5
00 7 LeI,NXECM
IF (XSITE(J ).GE.*Ec M , 1 ) . 1 T L

~~ 
ECMEFF*ECNE(N)

7 CONTINUE
8 CONTINUE
00 ii L.1,NOLEW
IF (SI.DLEV (L).LE.l~~ 

GO TO 9

pSIE.(l._PKSS ,h1)*~~
M * t

~~~
PSI.(1.~PKSS (N~11) 

)**(SI*0LEV~ -~~
GO 10 10

9 PSTE.l.~P K S S ( N , 1 1 M S O L ~~~
L
~

P51.1 .~PKSS (N. 11 
).S1 DLEV (L)

10 CONTINUE
PEC$(L,I)*PECM (L l)*PSIE
PNECM (L, I).PNECM (L’1)~~’51

11 CONTINUE
12 CONTiNUE

PRINT 19
PRINT 20, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IPNEC$Il-.3~ .

111 ,NOLEV)
PRINT 21
PRINT 22. (NTYPE (I),*51T

,S1T 0(1) 151T

lsl,3),I*i,P41015)
00 13 1~ 1.3
00 13 Lek ,NOLEV
SUME C$(L,I)*SUMEcM~~~~~~~~~~~~”~

””5

SUMNECN (L. I) .$UI4NECM ci,!) ,PNECM IL’ 
I) /NXSTART

13 CONTINUE
RETURN

C
C

14 FORMAT (//,1X ,130(114~
) )

15 FORMAT (4514 RESULTS AVERAGED OVER ALL OFFSETS APPL ICABLE )

16 FORMAT (9H XSTARI ,F10.2)

17 FORMAT (1614 RADIAL SURVIVAL )

16 FORMAT (1314 PATH AVERAGE)

19 FORMA T (2l*,32HSURVI ~~L 
PROBABILIYY WIT HOUT ECM ,23X ,2QHS VIVAL PR

IOBAIILITY WI TH ECM/2X ,13140E 
PICE LEVEL ,2 (1X ,i4M~

FC TO RELEASE.3X .1

2214*/C COMPLETE ,5X ,10 P0N/REL 2X,13I1~/C W /O ECM)

20 FORMAT ~8Fi5.3)
21 FORMAT (1X,4P$SITE,3~.7HX 

OR TH,4*.614Y OR R ,3 (lX .9HLETH 
WDTH,2X ,R*1A

1W SHOTS),/27A,15~~#’C TO DELIVERY ,7*,12H*~’C 
COMPLETE ,4X,19HWEAPON I

2REL TO TAR ))
22 FORMAT U5,8fIO.3)

END
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SUBROUTINE INPUTS
C
C
C THIS ROUTINE READS ALL INPUT DATA AND TERMINATES THE PROGRAM
C
C

COMMON /TRAJ/ NXYZT (2),XYZ (1000,3.2),T(1000,2),XSTART,TSTART (2),TS
1TOP (2) ~TIN (1 0.2) ,NTIN ,xECM (20~2) ,NXECM ,THIN (1O ,2) ,D*START .NXSTART ,
2XSAMEP .XSAME W ,NSYSOP ,TSTOPP. TSTARTP,TARGETY , OXYZOT ( 1000. 3.2) ~ IS ( 2)
COMMON /ISAM / NTYPE (100),NSITE (100),XSITE (100).PUP (100),ELMIN (I00,
12) .P4TOTS,SITWDTH (100,3) ,AVSHOT (100.3) .TERFR (100) ,SITRAD (100) .ARS IT
2 (100)

COMMON 1*5*14/ HRAD (10),RTRK (10) ,ELMAX (10) ,TINIT (lO).TINTER (10),NS (
11 0).NSS (10),TRELOAD (10),AVVEL (10),ASPP4IN (10),ASPMAX (10),A ZMAX(10) ,
2RNG (20.10),ELR (20 .1O),P4RNG (10),FUS (20 ,10),ELF (20,10),NFUS (10),IR (1
30),TISH(10).ECNE (10),ALTMINUO),ALTMAX (10),SIGTH (20 ,4),SIG (20 ,4),N
4SIG (4).RLOCK (10).XNISL (20 ,1O),TMISL(20 ,I0),NXMISL (10),RADTRK(10),R
5AOLOCK (10)
COMMON /PARM / DF (I0) ,OEBUG ,FLTWTH (2 ,2) ,RLETH (10) ,DEBUG1 ,TITLE (6),P
1KSS (10 ,2),CORWOTH.CLUTTER ,TERRANE (1O ,3 ,1O),NTERA (10),NTER ,TFRAC(1O
2) ,ANTH( j0),AREA,DEBUG2 ,OFSETD,RELE*SE ,VELPEN ,DLEV (10) ,NDLEV .AVERAG
3E.NITLI (6),NITL2 (6),SYMETRY ,TEGRESS,FEGRESS,NITL3 (b),NINTRPR(10),N
4ASP ,FASTRUN

DIMENSION NTE P(6)
INTEGER TITLE
DATA OE8UG/0./,DEBUG1/0./,DF/10’0./,NTOTS/0/,NXYZT/2’O/.XSTART/0./
1,TSTART/2 0./,TSTOP/2*o./.NXECM/O/,CLUTTER/.25/,NTER/O/,AREA/I./,D
2EBUG2/0 ./
DATA DXSTART/2.5/,P4XSTART/l/
DATA DLEV/ 1 • ,9 0./.NDLEV/1/,NSIG/4’O/,PKSS/20 0./.TSTARTP,TSTOPP/2
1.—100000./
DATA AVERAGE/1•/
DATA SYMETRY/1./
DATA F ASTRUN/O ./
DATA NITLI/12~10H /,NITL3/6~ 1OIl /
DATA TA RGETY/0./
DATA TEGRESS/i00000,/,fEGRESS/1./
DATA RAOTRK/10’O./,RADLOCK/IO*O./,NINTRPR/I 0*1/
IERa O
DATA TITLE/6~ 10I4 /
DATA NITL2/6~ 10H /
PRINT 60

1 READ 61. N ,X ,NTEP
PRINT 62. N.X .NTEP
IF (N.NE.7HENDCASE ) GO TO 2
IF (IER.E O.0) RETURN
STOP

2 iF (N .EQ.6HE~~JOB) STOPIF (N.P4E .SHTITLE) GO TO 4
DO 3 Ja1~~3 TITLE (J) NTEP (J)
GO TO 1

4 IF (N.NE .4HXYZT) GO TO 8
DO S J~1,6
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S P41T12 (J) NTEP (J)
XSA M€P X
PRINT 63
K~NXYZT (1 ).O

6 READ 64, (xYZ (K.1,J.1),J 1,3),T (K .1,1)
IF (EOF(1).NE.0) GO TO 1
PRINT 64, (XYZ (K+i.J,i),J*1,3),T(K+1,1)
NXYZT (1)eK.K .1
IF (K.(Q.1) GO TO 6
DO 7 J 1.3

7 DXYZOT (I(,J.i).(XYZ (K ,J,1)-XYZ (K—I ,J.I))/(T (K ,i)—T (K-1,1))
GO TO 6

8 IF (N .NE.6HTST*RT) GO TO 9
TST ART~X
GO TO 1

9 IF (N.NE.6HXSTART ) GO TO 10
XSTARTaX
GO TO I

10 IF (N.NE.SHTSTOP ) GO TO ii
TSTOP=X
GO TO 1

11 IF (N .NE.4HSITE) GO TO 14
DO 12 Ja1,6

12 NITLI (J).NTEP (J)
PRINT 65
NTOTS O

13 READ 66, NTYPE (NTOTS .1),NSITE (NTOTS ,1),XSITE (NTOTS .1),SITRAO (NTOTS
1.1) ,PUP (NTOTS.I) ,TERFR (NTOTS .1)
IF (EOF(1).NE. 0) GO TO 1
PRINT 66. NTYPE (NTOTS .1),NSITE (NTOTS ,1),XSITE (NTOTS .1).SITRAO (NTOT
iS.!) .PUP(P4TOTS+1) ,TERFR (NTOTS .l)
NTOTS .NTOTS.i
GO TO 13

14 IF (N .NE .3HSAM ) GO TO 15
Je~
REAl) 67, NS (J),NSS (J),IR (J),HRAD(J),RTRK (J),RLOCK(J).ELMAX (J),ALTM
1IN (J)
PRINT 68
PRINT 67, p4S (J),NSS(J ),IR (J),HRAO (J),RTRK (J),RLOCK (J).ELMAX (J),ALT

IMIN (J)
READ 64, TINIT (J),TISH (J).TINTER (J),TRELOAO (J),ASPMIN (J),ASPMA * (J)

1 .AZMAX (J) ,ECME (J)
PRINT 69
PRINT 64. TIP4IT(J),TISPf (J),TINTER (J),TRELOAO (J),ASPM IN (J),ASPMAX(J
1) ,*ZMA*(J) ,ECME (J)
PRINT 70
READ 64, RADTR~ (JhRAOL OCK (J)
PRINT 64, RADTRK (J),RADLOCK (J)
GO TO 1

IS IF (N.NE.3HRNG ) GO TO 17
(sO

*
PLETH(J).-1.C.10
ALT$A XI~ ).—1.E .10
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PRINT 71
16 READ 64, ELR (K .1,J),RNG (K.1,J)

IF (EOF (1).NE.0) GO TO 1
PRINT 64. ELR (K.1,J),RPIG (K.1.J)
NRP4G (J) skeK. 1
RLETH (J)xAMAXI (RLETH (J),RNG(K ,J)’COS (ELR (K .J)/57.2958))
A~y14AX (J)aANAX1 (ALT14AX (J),RNG (K ,J)*SIP1(~LR (K ,J)/57.2~58))
GO TO 16

17 IF (N.NE.4HFUSE) GO TO 19
KaO
Jax
PRINT 72

18 READ 64. ELF (K .1,J),FUS (K.1,J)
IF (EOF(i).NE. 0) GO TO 1
PRINT 64. ELF (K .1,J),FUS (K•1 ,J)
NFUS (J) aKak.I
GO TO 18

19 CONTINUE
IF (N.NE.2140F ) GO TO 22
IF (X.LE.O.) GO TO 21
DO 20 1 1,10

20 DF (I)~ X
GO TO I

21 READ 73. OF
PRINT 73, OF
GO TO I

22 CONTINUE
IF tN.NE.SIiOEBUG) GO TO 23
DEBUG X
GO TO 1

23 CONTINUE
IF (N.NE .6HDEBUG1) GO TO 24
DEBUG 1 ~X
GO TO 1

24 CONTINUE
IF (P4.NE.7HCORWOTH) GO TO 25
CORWOTN X
GO TO 1

25 IF (N.NE.4HPKSS) GO TO 26
Ja 1
IF (X.NE .0.) J*2
READ 73, (PKSS (K ,J),Ke1,10)
PRINT 73, (PKSS (K ,J).K=1 ,IO)
GO TO I

26 IF (N .NE.414XEC14) GO TO 28
J*O
NXE CM~O

27 READ 64, XECM (J .1,1),XECM (J.1,2)
IF (EOF (1).NE .O) GO TO I
PRINT 64. XECM (J•1.1),*ECM (J.1,2)
N*ECM~JJ . 1GO TO 27

28 CONTINUE
IF (N.NE.7HCLUTTER) GO TO 29
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CLUTTER~X
GO TO 1

29 IF (N.NE.7HIERRAIN) GO TO 32
N TER O

30 READ 64, TFRAC (NTER .1),AN TH (NTER+l)
IF (EOF (1).NE.O) GO TO 1
PRINT 74
PRINT 64, TFRAC (NTER .1) ,ANTH (NTER~ 1)
NTER .NTER • 1
JaG
NTERA (lITER) 0
PRINT 75

- 
31 READ 64. TERRANE (J .1,1,NTER),TERRAME (J,1,2 ,NTE ,T~~~~~~~~~ l 3 N T E

1R)
IF (EOF (1).NE.0) GO TO 30
PRINT 64, TERRANE(J ,1,I,NTER),TEPRANE (J 1,2,NTE ,T R* (

~~ l~ 3~NT
1 ER)
PITERA (NIER ) aJ.J. 1
GO TO 31

32 CONTINUE
IF (N.NE.4HAREA) GO TO 33
AREA X
GO TO 1

33 CONT INUE
IF (N.NE.6HDEBUG2 ) GO TO 34
DEBUG2 X
GO TO 1

34 CONTINUE
IF (N.NE.T IITSTARTW ) GO TO 35
TSTART (2) X
GO TO 1

35 CONT INUE
IF 4N .NE.6HTSTOPW) GO TO 36
TSTOP 12)aX
GO TO 1

36 CONTINUE
IF (N .NE.7HOXSTART ) GO TO 37
OXSTA R T~ X
GO TO I

37 IF (N.NE.7P$NXSTART) GO TO 38
NX ST ART
GO TO 1

38 CONTINUE
IF (N.NE.THAVERAGE ) GO TO 39
AVE RAGECX
GO TO I

39 CONTINUE
IF (N.NE.4HOLEV ) GO TO 41
MOLE V J 0

40 REAO 64. OLEV (J .1)
IF (EOF(1).NE.O) GO TO 1
PRINT 64. OLEV (J•1)
MOLE V~JaJ. 1GO TO 40
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41 CONT INUE
IF tN~NE.7HSTM ETRY ) GO TO 42
SYMETRYZX
GO 10 1

42 CONTINUE
IF (N.NE .6HEGRESS) GO TO 43
READ 64, TEGRESS,FEGRESS
PRINT 76
PRINT 64. TEGRESS,FEGRESS
GO TO 1

43 CONTINUE
IF (N.NE.5H* Y ZTW ) GO TO 48
DO 44 Jal,6

44 NITL3(J)~ NTEP(J)
XSA MEWZX
PRINT 63
K~ 0

45 REAl) 64. (XYZ (K .1,J ,2 ) ,J I,3) ,T (K,1,2)
IF (EOF(1).NE .0) GO TO 47
PRINT 64. (XYZ(K•I,J,2),Je1,3),T (K+I,2)
t( K.1
IF (K.EQ.I) GO TO 45
00 46 J 1,3

46 DXYZOT ( K ,J ,2 ) a (X YZ ( K .J ,2 )—XY Z ( K— I ,J ,2 ) ) / (T ( K ,2 )— T ( I( -1 ,2 ) )
GO TO 45

47 NXYZT(2).K
GO TO 1

48 IF (N.NE.9HSIGNATURE ) GO TO 51
‘lax
NSzO
PRINT 77

49 REAl) 64, SIGTH(p IS.1,J ),SIG(NS.1,J )
IF (EOF (I).NE .0) GO TO 50
PRINT 64. SIGTH (NS .1,J),SIG(NS .1,J)
PISeNS. I
GO TO 49

50 NSIG(J )~ NS
GO TO 1

51 IF (N .NE .TSTOPW) GO TO 52
TST0P(2)~ X
GO TO 1

52 CONTINUE
IF (N.NE.6HMISLXT) GO TO 54
PRINT 78
Jsx
P4*14 1St. (J)~ N~0

53 READ 64. XNiSL (K~ I.J),TMISL (K.1.J)IF (EOF(1).NE.0) GO TO 1
PRINT 64, *MISL (K.l,J),TMISL (K.k ,J)
NXMISL (J)al(CK.1
GO TO 53

54 IF (N .NE.6HTSTOPP ) GO TO 55
T STOPPBX
GO TO 1
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I

55 IF (N.NE.7HTSTARTP ) GO TO 56
TSTA RTP X
GO TO 1

56 CONTINUE
IF (N.NE.SHNOSIG) GO TO 57
READ 79, NINTRPR
PRINT 79. NINTRPR
GO TO I

57 CONTINUE
IF (N.ME.7HP ASTRU N) GO TO 58
FASTRUNaX
GO TO 1

58 CONTINUE
IF (N.NE.TARGETY ) GO TO 59
TAR GET YsA
GO TO I

59 CONTINUE
PRiNT 80
IER—1
GO TO 1

C
60 FORMAT ( 1141)
61 FORMAT (A10.FI0.0.6A10)
62 FORMAT ( 1X,A i0 ,F10 .4,1OX ,6A 10)
63 FORMAT (9X, IHX ,9X,1HY ,9X ,1PIZ ,9X, IHT)
64 FORMAT (SEIO.3)
65 FORMAT (SX,SHNTYP E,SX,5HNSITE ,5X,5HXSITE,5X,SHYSITE,7X .3I4PUP,5X.5H

1 TERFR)
66 FORMAT (2I10~6FI0.4)67 FORMAT (3110,5E10.3)
68 FORMAT (8X,2HNS,7X,3HNSS,8X,2H IR,6X ,4HHRAO,6X ,4H RTRK,5Xv 5HRLOCK ,SX

1 ,SHELMAX,4X,6HA LTMIN )
69 FORMAT (SX ,5iIT INIT,6X ,4HTIS H,4X ,6HT INTER,3X.7HT RELOAD ,4X ,6HASPMIN.

14* ,6HASPMAX ,5X ,5HAZMAX .6* ,4HECME)
70 FORMAT (4X,6 HRADT RK,3X ,7HRADLOCK )
71 FORMAT (7X,3HELR ,?X,3HRNG)
72 FORMAT I7X,3HELF,7X ,3HFUS )
73 FORMAT (10F8.2)
74 FORMAT (SX ,5NTFRAC.6X ,4HANTH-)
75 FORMAT (4X ,6HAV ELF,4X ,6HAV EL R,6X ,4HPROB)
76 FORMAT (3X,7HTEGRESS,3x,7HFEGRESS)
77 FORM AT (SX ,5P$SIGTH,7X,3HSIG)
78 FORMAT (5X,5HXMISL,5X ,58T14151)
79 FORMAT (1018)
80 FORMAT (4614 PREVIOUS CARD NOT IDENTIFIED. JOB TERMINATED )

END
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SUBROUTINE INCOV (NSAM,T I,O$SET,ISHOT,TFI RE,T IPIT ,TA O,TS,11)
C
C
C TH IS ROUTINE DETERMINES IF A SAM CAN SHOOT A MISSILE TO INTERCEPT
C AT TIME T I
C
C
C TI TIME AT INTERCEPT
C NSAM INDEX NUMBER OF SAM TO BE CONSIDERED
C OFSET OFFSET DISTANCE
C TF IRE TIME SAN WOULO HAVE HAD TO FIRE FOR INTERCEPT AT Ti
C ISHOT — 1 CAN GET OFF A SNOT WITH INTERCEPT AT TI

COMMON /TRAJ/ NXYZT (2),XYZ(1 000,3,2),T (i000,2),XST ART ,TSTART (2),TS
1TOP (2) .T1N (10.2) ,NTIN ,xECM (20,2) ,PIXECM ,THIN (I0,2) ,DXSTART ,NXSTART ,
2XSA MEP.XSA MEW ,NSYSOP ,TSTOPP,TS TA RTP, TAR GETY ,DXYZDT ( l000 ,3 ,2) ~!S(2)

COMMON /ISAM/ NTYP E( lOo ) ,NSITE ( ioo ) ,xS ITE( lO o ) ,PUP( 100 ) ,ELM IN( lo o ,
12) ,NT OTS ,SITW DT PI( l00 ,3 ) ,AVS HOT (100 ,3 ),TERF R(100),S ITRAD (100 ),ARS IT
2 (100)

COMMON /ASA M/ HRAO ( 1O) ,RTR K ( l0 ) , E IMA X ( l O ) ,T I NIT ( 1O ) ,T I NT ER( 10 ) , NS (
l i O ) , NSS ( 1o ) , TR E LOAD ( 10 ) ,A VV E L ( lo ) ,AS P M IN( 10) ,A S PMA X ( 1o ) ,A ZMAX ( 1o ) ,
2RNG(20.l0) .ELR(20, 10) ,NRNG( l0 ) ,FUS(20 , lo ) ,EL F(20 ,1O) ,NF US(10) , IR(1
30) ,T ISH(10) ,ECME(10) ,A LT MIN( l0) ,ALTMAX ( 1O ) ,S IGTH(20,4) ,SIG(20.4) ,N
4SIG(4) ,RLOCII(10 ,XMI SL c 2O,1O) ,T MISL (20.1O) ,NXMI SL (10) ,RA DTR K( l 0) ,R
5ADLOCK(10

COMMON /PARM/ DF(10),DEB UG,FLTWT H(2,2) ,PLETH(1O),OEB UGI,TITL E(6),P
IKSS( I0 ,2) ,CO RWDTI4 .CLUTTE R,T ERRAN E(10 ,3 ,10), NTERA ( lO) ,NT ER.T FRAC (1O
2) ,ANT H(lO) ,AREA, OEBIJG2, OFSE1D.REIEASE,VEL PEN,DLEV(IO) ,NDLEV,AVE~ AG
3E,NITL I(6) .NITL 2(6) .SYP4ET RY ,TEGRESS.FEGRESS,NIT I3(6) .NINTRPR (10),N
4ASP,FASTRUN

COMMON /0/ AZT ,ELT ,PNGT ,ASPT ,AZTF ,ELTF ,RNGTF ,A SPTF ,AZT A .ELTA ,PNGTA
1 ,ASPTA

K ~L1ISHOT~ 0
NST*NTYPE (NSAM )
IF (DF ’(NST ) .LE.O.) RETURN

C FIND AZ .EL.ASP,RNG OF PENETRATOR W RT SITE AT TI
NASP’I
CALL COORO (NST.XS ITE( NSAM ),OFSET ,T I,A ZT ,ELT ,RNGT ,ASPT ,Ic )
IF (RLETII(NST) .L1.RNGT*COS (ELT/57.2985)) RETURN
ALT .RNGT~S IN (ELI/Si • 2958)IF (ALT.LT. A LT MIII (NST)) RETURN
NASP~0

C CALCULATE FLYOUT TIME.FIRING T IME, ACQUISITION TIME
TFIRE TI’TRP (RN GT ,XI4ISL (l ,NST ),TMISL (1,NST ),NXM ISL (NST ))
TA O.TF IRE—TINT
NP4.LOHTFIRE,TAQ
IF (DEBU6.GT.0.) PRINT 12, NN,TF IRE,TAQ ,T 1,TS ,TSTA RT
IF fTF IRE.LT.TS ) RETURN
IF ITFIRE .L.E.TSTARTP .O.TAO .LT.TSTARTP) RETURN

C CHECK IF WIT HIN LETHAL ENVELOPE
NNaI OH ENVEL CX
IF (DEBUG.GT.0.) PRINT 12. NN,T I,OFSET,AZT.E LT,RNGT ,ASPT ,RMIN,RMAX

I.FL OAT (K)
IF (AZT.6T.AZMAX (NST)) RETURN
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L~ 1
IF (AZT.GT.90.) Lz2
IF (IR(NST).L E.o .A .(EL r. LT • EL MIN(NSAN,L ) .O .ELT .GT.EL MAX( NST))) PET

1 URN
RMAX .TRP(ELT ,ELR(1.NST),RNG( I,NST),NRNG(NST))
IF (RNGT.GT.RMAX ) RETURN
RP4IN—TRP (ELT ,ELF (l.NST),FUS (1,NST),NFUS NSTI)
IF (RNG1.LI.RMIN) RETURN

C F IND AZ,EL.RNG ,ASP OF PENETRATOR WRT SITE AT TPIPE
I(~L 1IF (NSYSOP.EQ.3.A.TF IRE.LT.TSTART (2) .A.K.€Q.2) Kz1
K 1 aX
IF (IR(NST).GT.0) KIXK1 .2
CALL COORD (NST,XSITE (NSAP4 ) ,OFSET ,TFIRE ,AZTF ,ELTF ,RNGTF ,ASPTF ,X)
IF (NINTRPR (NST).GT.0) GO TO 1
APEN=TRP (ASPTF ,SIGTH(1,K1).S1G (1,Xl),NSIG(K1))
RNTF.SQRT (APEN/RLOC K (P4ST ))
IF( IR( NST ) .LE.0)RMTF =SQ RT(RMT F)
if (NDITRPR(NST).LT.0) GO TO 2
GO TO 3

I RMTF RAOLOCK (P1ST)
2 IF (ASPT F.LT .ASPMIN(NST) .O.AS PTF.GT.ASP MAX ( NST )) RETURN
3 CONTINUE

NNa1OHFIRE CX
IF (DEBUG.GT.0.) PRINT 12, NN,AZTF ,ELT F,RNGT P,ASPTF ,FLOA T( K), Fl OAT

1 (Kl).RNTF
C CHECK IF WITHIN FIRING CONSTRA INTS AT TFIRE

L~ 1
IF (AZTF.GT.90.) L~2IF (RNGTF.GT.RMT F.O.ELT F.LT.EL MIN(NSAM,L) .O.ELT F.GT.EL MAX (NST)) PE

ITURN
C CHECK IF OBSERVED AT TAO

(~L 1
IF (N SYSOP.EO.3.A .TAQ .IT.TSTART (2).A.K.EQ .2) K 1
XI zK
IF (IRINST).GT.0) K1 KI.2
CALL COORD (NST,XSIT E(NSAM ) ,O FS ET ,TAO ,AZTA ,E LTA ,RNGTA ,ASPTA , K )
IF (MINTRPR(NST).GT .0) GO TO 4
APEN TRP (ASPTA ,SIGTH (1 ,K1) .516(1,1(1) ,NSIG (K1))
RPITA.SQRT (APEN/RTRK (NST))
IF ( IR(NST) .LE.0 )RMT*aSQRT (RMTA )
GO TO 5

4 RMTA CRADT RK (NST)
5 CONTINUE

MNe1OHOBS CX
IF (DEBUG.GT.0.) PRINT 12. NN ,AZTA ,ELTA ,RNGTA ,ASPTA ,FLOAT (K) ,FLOAT

l (XI),RMTA
L~ 1
IF (AZTA.GT.90.) L 2
IF (RPIGTA.GT .RMTA.O .ELTA.LT .ELI4IN (NSAM.L).O.ELTA .GT.ELMAX (NST)) RE

1TURN
IF ( IR( NST) .GT .0.)  GO TO 11

C CHECK IF PENETRATOR IS IN RADAR COVERAGE OURRING FLIGHT TIME
DELTC .25* ( T I—T F IRE )
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NI P1.0
00 10 1—1.3
TCK=TF IRE. I~OELT
K at. I
IF INSYSOP.EQ .3.A.TCK.LT.TSTART 2).A.K.EQ,2) K= 1
1(1—K
IF (IR (N ST).6T.0) KlaKI.2
CALL COORD (NST ,XSITE (NSAM ),OFSET.TCK ,AZC,ELC ,RNGC,ASPC .K)
IF (NINTRPR (NST).GT.0) GO TO 6
APEN=TRP (ASPC ,SIGT H (1,K1) ,SIG (1,K1),PISIG(K1))
RMTC~ (APEP4/RTRK (NST) )~ *( .25)
IF (NINTRPR (N ST).L.T.0) GO TO 7
GO TO 8

6 RMTC~RADTR K (NST)
7 IF (ASPC .GT.ASPMAX(P’lST).O.ASPC .LT.ASPMIN (NST)) GO TO 9
8 CONTINUE

L 1
IF (AZC.6T .90.) L=2
IF (RNGC.LE.RMTC.A.ELC.GE.ELMIN(NSAM,L) .A.ELC .L E.EL MAX (NST)) GO TO

1 10
9 CONTINUE
NINsP4IN.I

10 CONTINUE
IF (PIIN.OE.2) RETURN

11 CONTINUE
C SAM CAN GET OFF A SHOT

I SP4OT= 1
NN IOHG000 SHOT
IF (DEBUG.6T.0.) PRINT 12, NN
RETURN

C
12 FORMAT (IX ,A10.12F10.4)

END
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SUBROUTINE COORO (N,XSITE,OFSET,TC,AZ ,EL,RNGE ,ASP ,K)
C
C
C THIS ROUTINE MAPS TRAJECTORIES INTO 3 DIMENSIONAL SPHERICAL EARTH
C COORDINATE SYSTEM WITH SAM AT (0,0,8495)1(14
C CALCULATES AZ ,EL.RNG ,AsP OF PENETRATOR WRT SITE FOR SPP4EERICAI EAR 

-

C Ill
C
C

COMMON /TRAJ/ NXYZT (2) ,XVZ (1000,3 ,2).T (1000,2).XSTART,TSTART (2),TS
1TO P(2) ,T IN(1O,2 ) ,NT IN,XE C N(20 ,2 ) , NXEC M,T HIN( I0.2) ,DX START , NX STA RT ,
2XSAME P.XSAMEW ,NSYSOP ,TSTOPP ,TSTARTP ,TA RGETY ,DXYZDT (1000.3,2) , IS(2)

COMMON /ASAM/ I 4RAD( 10 ) , RTRK ( 10 ) .E LMAX ( l O ) .T IN IT ( 10) ,T INTE R( l0 I  .NS(
1 1 0) . N S S( l 0 ) , T R E L OA O ( 10 ) ,A V V E L ( 10 ) ,A S P M I N( l 0 ) . A S P MA X ( 1 0) ,A Z MA X ( l 0 ) ,
2RNG(20,i0) ,ELR (20,10) ,NRNG ( 10) ,FLIS (20.10) .ELF(20. 10) ,NFUS ( 10) , IR( 1
30) ,T IS H( 10 ) ,ECM E( 10 ) ,A LT MI N( l 0 ) ,ALT MA X ( l O) .S IGT I4(20 .4) ,S IG (20 ,4 ) ,N
4SIG(4) ,RLOC K(10) ,XNISL (20,10) ,T MISL (20,10) ,NXMI SL (10) ,RADTRK (10) ,R
5ADLOC K(1O)

COMMON /PARM/ DF(10) .DEB UG,FLTW T H(2,2) ,RIET H(10) .DEB UG1,T ITLE (6) ,P
1KSS (1O,2) ,CO RW OT H,CLUTT ER,TCR RAN E( I0 ,3 ,10) .NT(RA (1O) ,NTER ,T FRAC ( 1O
2),*PITH(10) ,AREA,DEBUG2,OFSETD,RELEASE,VEIPEN,DLEV (10) ,NDLEV,AVERAG
3E,N!TL1 (6) ,N1TL2 (6) ,SYMETRY ,TEGRESS,FEGRESS .NITL3 (6) ,N INTRPR (10) .N
4ASP,FASTRUN

COMMON /INTER/ L
DIMENSION US(3) ,  UP(3) ,  uSP 3),  XYZ T C 3) ,  UP1(3) . V EL (3)

C COORDINATE SYSTEM ORIGIN AT CENTER OF SPHERE
C X ALONG CORR000R
C Z VERTICAL THROUGH SAM SITE
C Y ORTHOGONAL /

ASP O. /ER.6378. 165
RTD.57 • 29578
ANG— 180.
IF (A REA.LT .0 .)  ANG=OF SETD
UPL (1) COS (ANG/RTD )
UPI (2) SIN(ANG/RTD )
USU—U S(3) ER.HRAO(N) /
USc! ) US(2 )=O .
CALL T14P1 (TC,XYZTC ,X)
XY Z TCM ER,*YZTC (3)
SX .XYZ TC (1 )—X S ITE .XSTA RT
UP (1 ) *YZTC M*SIN (SX/XYZTC M )
SYSXYZTC (2) .OFSET
UP (2) XYZTCM~ SIN (SY/XYZTCM)UP(3)=SQR T (XYZT CM** 2~ UP( 1)**2~ UP(2)**2)
RNG(—O.
DO I I 1,3
USP ( I) UP ( 1)—US C I)

1 RN GEaRNGE .USP (I) **2
RNGE SQRT (RNGE )
ELsASIN CUSP (3) /RNGE ) *RlD
AZ 0.
AZLEN .SQRT (USP (II 5~2~USP (2) **2)IF (AZLEN.LE .0.) GO TO 2
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DOT— (UPl (1)*USP(1).UPl (2)~ USP I2))/AZLEN
AZ ACOS (DOT) ~RTD
AZ.AMOD (AZ .720. .360.)

2 CONTINUE
ASPRO.
IF (NASP.GT.O) RETURN
IF (ASPMAX (N)—A SPMIN( N) .GE.180,.A.N INTR p R(N) .GT .O) RETURN
IF (TC.GT .T(t — I , K ) )  GO TO 4
SIGN I.
DO 3 1 1,3

3 UP1 (I) XYZ(L,I,K)
GO TO 6

4 SIGN——i.
00 5 I 1.3

5 UP1(I) XY 2( L—l . I .K )
6 CONTINUE

UP1NaER .UP1 (3)
SX UP1 (1)—*S IT E.XSTA RT
UP! (1)zUP1M ~SIN(SX/UP lM)
SYRUP ! (2).OF SET
UP ! (2) UP1M* SINCSY/UP1 P4)
UP ! (3) SQRT (UP1M’~2—UP1 (l)~ ’2—UP i (2)**2)
D0T~VELM 0.
DO 7 1 1,3
VELU)ZSIGN* (UP1 (I)—UP( I))
VELM~VELM .vEL (I) **2

7 DOTaDOT .VEL (I)*USP (I)
VELM .SQRT (VELM)
ASP 18O. —AC OS C DOll (VELI4•RNGE) ) *RTD
RETURN
END
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FUNCTION TRP (X1,X.Y ,N)
COMMON /INTER/ Ii
DIMENSION X(P4). Y ( N)
IF (N.LE.2) GO TO 2
DO 1 I 2,N
IF (Xi.LE.X (I)) GO TO I
CONTINUE

2 I’N
3 CONTINUE
TRPwY (I~~1),(Xi—X (I~~i))*(Y(I)—Y(I—!))/(X(I)—X(I—1))
Il—I
RETURN
END
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SUBPOUTINt TRP1 (X 1 .Z,K )
COM MON /TRAJ/ NXYZTC2),XYZ (10O0,~ ,2),T~~OO0,2),xSTART ,TSTART (2),TS
1TOP (2) .TIN(1 0.2 .NTIN.XECM (20.2) .NXECM ,THIN (10.2) ,DXSTART ,NXSTART ,
2XSAP4EP .XSAMEW ,NSYSOP ,TSTOPP ,TSTARTP ,TARGETY ,OXYZOT (1000 ,3 ,2) .15(2)

COMMON / INTER/ I
DIMENSION Z(3)
N N*YZT (K)
L IS(K)
IF (Xl.LT.T(L-l,K)) GO TO 2
DO I I L,N
IF (X 1.L E.T ( I,K))  GO TO 4

1 CONTINUE
I N
GO TO 4

2 DO 3 M 2,L
I 1—M.2
IF (X ! .GE.T( I -1,K ) )  GO TO 4

3 CONTINUE
1 2

4 CONTINUE
D*s*1—T C l — i  ,X )
DO S Jzl,3

S Z (J)aXYZ (I—1 ,J ,K).DX *OXV ZDTCI,J ,K)
IS(K) I
RETURN
END
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FUNCTION SGN CX )
IF CX )  1,2,3

1 SGNs I.
RETURN

2 SGNzO.
RETURN

3 SGN~I.
RETURN
END
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SUBROUTINE TIMEIN (I,OT.N)
C
C
C THIS ROUTINE DETERMINES ROUGH ESTIMATES OF THE INTERVALS THAT A
C TRAJECTORY IS IN RANGE OF A SAM SITE
C 

-

C
COMMON /TRAJ/ NXYZT (2 ) ,X Y Z ( 1000 ,3 ,2 ) ,T ( 1000 ,2 ) ,X STA RT ,TSTART (2 ) ,TS
1TOP (2),TIN(10,2),NTIN ,XECM (20 ,2),NXECM ,THIN (10,2),DXSTART ,NXSTART ,
2XSAMEP ,XSAME W ,NSYSOP ,TSTOPP ,TSTARTP ,TARGETY ,DXYZDTC1000 ,3 ,2),IS (2)
COMMON /ISAI4/ NTYPE (100) .NSITE (IO0) ,XSITEUOO ),PUPC100),ELMIN (100.
12) .NTOTS,SITWDTH (i00,3 .AVSHOT(100,3) ,TERFR(100) .SITRAO (100) ,ARS IT
2 (100)
COMMON /ASAM / ICRAD (l0),RTRK (10),ELMAX (10),TINIT (I0),TINTER (1O),NS (
11O),NSS (1O),TRELOAD (1O) ,AVVEL (i0),ASP)4IN (10),ASPMAX (10) .AZMAX(1O ) .
2RNG (20,10),ELR (20,10),NRNG (1O),FUS (20,10),ELP (20.10),NFUS (10),IR (1
30).TISH(1O),ECI4E (i0).AITMIN (10).ALTMAX (10),SIGTH (20.4),SIG (20,4).N
4$1G(4),RLOCK (1O).XM !5L (20.i0),TMISL (20,10),NXNISL(1O),RAOTRK (IO),R
SADLOCK (10)
COMMON /PARH/ DF (1O),DEBUG ,FLTWTIfl2 ,2),RLETP4 (10),DEBUG1,TITLE(6),P
1KSS (lO,2) ,CORWDTH ,CLUTTER ,TERRANE (10,3,10) .NTERA (10) ,NTER ,TFRAC(1O
2) ,ANTH (10) ,AREA ,DEB UG2 ,OFSETD ,RELEASE ,VELPEN.OLEV (10) ,NOLEV ,AVERAG
3E,PIITLI (6) ,NITL2 (6) .SYMETRY ,TEGRESS ,FEGRESS ,NITL3 (6) .NINTRPR(10) ,N
4ASP , F ASTRUN
DIMENSION VECI (2), 1141414(2)
DIMENSION IN (2), SVX (2), SVY (2)
DiMENS ION XYZTO (3)
EQUIVALENCE (XYZTO (1),XTO), iXYZTO (2),YTO). CXYITOC3) .ZTO)
DPR—57.2957
XM1 NaXS ITE (I )—RL ETH (N) —XST ART
IF (AREA ,LE .0.) XHINZSITRAD (fl—RIE TH (NJ
XMA X .XMIN .2.*RLET I4 (N)
AR SIT (I )a1Ø0.
IF (XM IN .GE.0..A.AREA.IE.0.) ARS IT II) AS IN (RLETII (N )/SITRAD (I))’DPR
NTIN~O
FLTWTH (l.I)=~!.E.10
FLTwT H (I,2)=—i.E .10
FLTWTH (2 .2) i.E.10
FLTW TH(2, 1 )=1 .E.10
Jal
TOaTSTARTP—DT
K 0
INL—O

1 K K.1
IF (K.GT.2) Xal
IF (K.EO.1) TO~TO.OT
IF (K.EO .1.A.NSVSOP.EQ.2) GO TO S
IF (K,EO ,2.A.NSYSOP.E0,1) GO TO S
IF (N SYSOP .NE.2.A .K.EQ.2.A. (TO.LT.TSTART (2).O.TO.GT.TSTOP (2).1) GO

iTO 5
IF (TO.GT.TSTOPP..5~DT) GO TO 9
IN K)aO
CALL TRP 1 (TO,XYZTO ,K)
IF CAREA.GT.0 .) GO TO 3
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IF (TO.EQ.TSTART) 60 TO 2
S VY (K I YTO
SVX (K) aXTOT

2 CONTINUE
XTOTaXTO .*START
XTO .SORT ( (XT O .X5TART)~ *2.YTO1~2)
IF ITO.GT.TSTART ) GO TO 3
SVX (K)aXTOT
S VY (K I Y TO

3 CONT INUE
IF (XTO.GE.XNIN.A.XTO.LE.X I4AX.A .ZTO.GE .A LT I4IN(N) .A .2TO.L E.ALT MAX ( N
1)) IN (K)~ 1
IF (IN(K).GT.O) FLTWTH c1 , K ) RAMAX I( F LTWTH ( I ,K ) ,Y TO )
IF (IN (lO .GT.0) FLTWTP4 (2 ,K)SAM IN1 (FLTWTH (2 ,K),YTO)
IF (AREA.GT.O.O.IN (PC).EQ.0.O.INL.GT.O) GO 10 4
VMAG *SQRT (SVX (K )~ ‘2.SVY (K) ~*2)
VECI (1)=SVX (K )/VMAG
VECI 12)=SVY (K)/VMAG
THETAI~ ATAN 2 (VECI (2) ,VECI (1) ) DPR
TIIMM (1)=THMM (2)—THETAI
1NLa1
GO 10 6

4 1F (INL .LE.0 .O.AREA .GT.0.) GO TO 6
VM .XTOT*~2.YTO~*2IF (V14.LE.0.) GO TO 6
VXaXTOT /VM
VY YTO/VM
OOT~—VE CI (2) ~VX .VECI (1) *VY
DANG 9O .—ACOS (DOT ) *OPR
THETAI THETAI .DANG
THMM (i) AMIN1 (1H1414 (1) ,T$IETAI)
TP4MM (2) AMA X1 (1141414(2) ,TI4ETAI)
VE C IC1 )=V X
VECI (2)=VY
GO TO 6

5 IN (K) 0
6 CONTINUE

IF (K.E~ .l) GO 10 1
GO TO (7.8), J

7 1, ( IN(1) .EQ.0.A. IN(2) .EQ.O) GO TO I
J*2
NT IN~NT IN. 1
TIN (NTIN ,l) AMA X 1 (TO—OT ,TSTARTP)
INL~ I
GO 10 1

8 IF (IN(1).GT.0.O.IN(2). GT.O) GO TO 1
Ja I
TIN (NTIN,2)aTO
IP4L.0
THIPI (NTIN ,II THMM (1)—A RSIT (I)
THIN (NTIN ,2) THNM (2) .ARSIT( I)
GO 10 1

9 CONTINUE
IF (NT IPI.LE.0.O.IPIL.LE.0) GO TO 10
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TIPI (NTIN ,2) TSTOPP
TPIIN(NTIN, 1) THMM ( 1 )—ARSIT (I)
THIN (NTIN.2)=THNM (2) .ARSIT(I)

10 CONT INUE
IF (NTIN.LE.0.O.AREA .GT.O.) GO TO 12
DO 11 Js1.NTIN
IF (XNIN.GE.O..A.TH IN(J ,2)—T HIN(J ,l ) .LT.360.) GO TO 11
THIN (J ,l) 0.
THIN(J ,2)s 360.

Ii CONTINUE
IF (AREA.LE.0..A.NTIN.GT.1) CALL COLAPS

12 CONTINUE
IF (DEB UG1.GT.0..O.DEBUG2.GT.O.) PRINT 13, NTIN ,(TIN (K ,l).TIN (K ,2)

i,TIIIN (K.1) .THIN(K ,2) .K=1,NTIN)
RETURN

C
13 FORMAT (814 TIN/OUT ,110,(4F10.2))

END
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SUBROUTINE COLAPS
C
C
C TIllS ROUTINE COMBINES OVERLAP PING ANGULAR COVERAGE INTERVALS
C
C

COMMON /TRAJ/ NXY Z T (2 ) , X Y Z ( ! 0 0 0 ,3 ,2 ) ,T ( I00 0 ,2 ) ,X S T A R T . T S T A R I(2 ) , T S
1TOP(2) ~T IN(10.2) ,PIT IN.XECM(20,2) .NX ECM .T HIN(1O,2) ,DXSTAR I.NXSTA RT ,
2X SAMEP ,XSAMEW.NSYSOP ,TSTOPP ,TSTAPTP ,TARGETY ,DXYZDT (1000 ,3,2) IS(2)
N 1aNT IN—i
N N T IN
DO 8 I 1,Ni
IPzI.l
DO 7 J 2,N
K N .IP—J
TI1 AI400 (THIN (I,l ).720.,360.)
TI2aAMOO (THIN (1,2).720.,360.)
TK1 .A$OD (TlfIN (K ,1) .720.,360.)
TK2sAMOD (TP IN(K.2).720.,360.)
TIM (TI2.TI1)~~.5TIDa(TI2—TI1)~~.S
IF (TID.GE.0.) GO 10 1
TID—I 80..TIO
TIM AMOD (TIM•9ii)0..360.)

1 T KM— (T K2.T K1) .5
TKD.(TK2—TK1) .5
IF (TKD.G(.O.) GO TO 2
TKD .18O..’KO
TKM.AMOD (TKM .900..360.)

2 CONTINUE
AN AM A X 1 (TK M,T 1M)—AM INI (T KM ,T II4)
IF CAM.GT .180.) AM—3 60.-AM
IF (A N.GT.T KD.T ID) GO TO 7
T IN( Is1 )~ A NINl(T IN( I, 1) ,T IN ( Kc 1) )
T IN(I. 2)*AMAX I (T IN(I.2) .T IN(K.2))
IF (TKN .GE .TIM) GO TO 3
SaTKM
TKM TIM
TIM —S
S TKD
TKD.T ID
T I 0—S

3 CONTINUE
IF (T KM— T IM .GT.180. ) TIN 1 IM.360.
THIN(I.1) A MIP41 (TKM —TKD ,TI$...T IO)
TH!N (I,2) ANAX 1 (T114.TKD.TIM.TID)
IF (THIN (I,2)-T,4IN (I.1),LT.360.) GO TO 4
THIN (I,1)— 0.
THIN ( I.2) 360.

4 CONTINUE
NsN— 1
P41 .N 1—1
IF (1(.EQ.N.1) GO TO 6
L 1—K .1
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L2.N.1
DO S L L1,12
THIN L— 1,1) THJN (L ,!)

5 CONT INuE
6 CONTINUE
7 CONTINUE
8 CONTINUE
NTIN.P4
RETURN
END
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APPENDIX B

SAMPLE PROBLEM FOR SURVIVE

A. INPUT CARD LISTING
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B. OUTPUT LISTING
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TITLE 0.0000 SAM PLE PROBLEM FOR SURVIVE HOOEL
01EV 0.0000 DEFENCE LEVEL EDITS
•2!OF.00
•500E.00
.750E.00
•100E.OI

SAM 1.0000 DEFINE PARAME TERS FOR TYPE I SAN
MS NSS IR HRAD RTRK IiLOCK ELMA X AITNIN
3 2 1 •S0OE—02 0. 0. .900E.02 •300E—01

TIN IT TISH TINTER TRELOAD ASPNIN ASP HAX AZNA X (CMI
.800E.0l •LOOE .0I .l00E.0~ •SOOF.03 •45o(.02 .181E.03 .IBIE.03 .100F.00

PAOTRIC NADLOCK
•300E.02 .250E.02

NISLXT 1.0000 MISSILE TIME TO DISTANCE PROFILE
XMI SL TMISL

0. 0.
•IOOE .03 •100E.03

RHO 1.0000 LETHAL ENVELOPE
ELR RHO

0. •IOOE .02
•450F.02 .800E.01
•700E.02 .700E .OL
.900F.02 .oOOE .01

FUSE 1.0000 DEAD ZONE
ELF FUS

0. •300E.00
•900F.02 •300E.00

CLUTTER .1000 GROUND CLUTTER ANGLE
TERR AIN 0.0000 DEFINE TERRAIN MASK ANGL E DISTRIBUTIONS

TFRAC ANTH
.S00E.02 .500E—02

AV ELF AV FIR PROB
.LSOE•00 .2S0t.0t .S00E.00
•ZSO E.0O •~~~0E.0I •SOOE•I0

XECM 0.0000 (CM INTERVALS
0. .2001.02
.5001.02 .IOOE.03

PXSS 0.0000 SINGL E SNOT KILL PROSA BILITY FOR PENETRATOR
.20 0.00 0.5* 0.55 0.00 0.00 0.00 0.00 0.00 0.00

PKSS 1.0000 SINGLE SHOT KILL PROIASILITY FOR WEAPON
.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

AREA 1.0000 SELECT RECTANGULAR COORD INATES
A VERAGE 1.0000 SELECT EXPECTED VALUE METHOD
CORWOTH 20.0000 CORR IDOR W iDTH
FASTR UN 3.0000 TIME STEP FACTOR
OF 0.0000 INDIVIDUAL DEFENSE LEVEL

1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0* 0.00
SYHETRY 1.0000 SELECT HOMOGENEOUS BOUNDARY CONDITION
NOSIG 0.0000 SELECT MAX RANGE CRITERIA FOR SENSOR

1 0 0 0 0 0 0 0 0 0
XYZT — .1000 AIRCRAFT INGRESS, 100 DEGREE TURN, EGRESS

A Y 2 T
— .5001.03 0. •TSOE—0I — .100E.04
0. 0. .7501—Il 0.
.456E.I0 •399€—0l .750E—0 l .165E.01
.0901.00 .ISAE.00 •750E—0l •330E.01
.131E .01 •352E.00 .7501—O h .494E.01
•169E.01 .0151.00 .7501—01 .OSqE .O1
•201E .01 •9301.00 .7501—01 .0241.01
.2271.01 .131E .OI .7501—01 .9891.01
.2471.01 .1731.01 .7501—01 .1151.02
.2591.01 .2171.01 .750E—01 .132E.02
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